® 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(tj) Publication number: 



0 324 616 

A2 



® 



EUROPEAN PATENT APPLICATION 



@ Application number: 89300258.4 



Date of filing: 12.01.89 



® Int. CI. 4 : C 12 Q 1/68 

C 07 D 311/08, C 07 D 493/04 
//(C07D493/04,319:00,307:00) 



® Priority: 13.01.88 US 143586 

© Date of publication of application : 
19.0r.89 Bulletin 89/29 

@ Designated Contracting States: 

AT BE CH DE FR GB IT LI LU NL SE 



© Applicant: AMOCO CORPORATION 
200 East Randolph Drive 
Chicago Illinois 60601 (US) 



Inventor: Royer, Garfield Paul 
2N100 Brundlge Road 
Elburn Illinois 60119 (US) 

Crulckshank, Kenneth Alexander 
128 Robin Hill Drive 
Napervllle Illinois 60540 (US) 

Morrison, Larry Edward 

21W559 Kensington 

Glen Ellyn Illinois 60137 (US) 



@ Representative: Laredo, Jack Joseph et at 

Elklngton and Fife Beacon House 113 Klngsway 
London, WC2B6PP (GB) 



@ Template-directed photollgatlon. 

(g) Methods, apparatus and compositions are presented for 
llgating llgands together which bind to a common target. One 
embodiment Includes polynucleotide probes having photoreac- 
tlve functional groups. The probes are capable of assuming 
substantially contiguous reactive positions on a target polynu- 
cleotide placing the photoreactlve groups In juxtaposition. 
Activation of the photoreactlve functional groups with radiant 
energy form a probe reaction product in which the probes are 
bound to each other. 
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TEMPLATE-DIRECTED PHOTOLIGATION 



BACKGROUND OF THE INVENTION 

The present Invention pertains to methods, reagents, compositions, kits, and apparatus for use In llgatlng 
substantially contiguous ligands together on a target template. In particular, the present Invention relates to 
methods, reagents, compositions, and kits for performing deoxyribonucleic acid (DNA) or ribonucleic acid 
(RNA) hybridization assays. 

The following definitions are provided to facilitate an understanding of the present Invention. 

The term "target" or "target molecule" refers to a molecule of interest, i.e. the molecule whose presence one 
wishes to know. The target Is a member of a biological binding pair. 

The term "biological binding pair" as used in the present application refers to any pair of molecules which 
exhibit mutual affinity or binding capacity. For the purposes of the present application, the term "ligand" will 
refer to one molecule of the biological binding pair, and the term "antlligand" or "receptor" will refer to the 
opposite molecule of the biological binding pair. For example, without limitation, embodiments of the present 
invention have application In nucleic acid hybridization assays where the biological binding pair includes two 
complementary strands of nucleic acid. One of the strands Is designated the llgand and the other strand is 
designated the antlllgand or receptor. One of the strands may also be a target molecule. The designation of 
ligand or antlllgand Is a matter of arbitrary convenience. The biological binding pair may Include antigens and 
antibodies, drugs and drug receptor sites, and enzymes and enzyme substrates, to name a few. A biological 
binding pair Is capable of forming a complex under bindings conditions. 

The term "probe" refers to a ligand of known qualities capable of selectively binding to a target antlllgand or 
receptor. As applied to nucleic acids, the term "probe" refers to a strand of nucleic acid having a base 
sequence complementary to a target strand. The probe and the target are capable of forming a probe target 
complex under binding conditions. 

The term "label" refers to a molecular moiety capable of detection including, by way of example, without 
limitation, radioactive isotopes, enzymes, luminescent agents, precipitating agents, and dyes. The term 
"agent" Is used In a broad sense, Including any molecular moiety which participates in reactions which lead to 
a detectable response. The term "cofactor" Is used broadly to include any molecular moiety which participates 
In reactions with the label. 

The term "amplify" Is used In the broad sense to me creating an amplification product, which may Include by 
way of example, additional target molecules, or target-like molecules, capable of functioning in a manner like 
the target molecule, or a molecule subject to detection steps In place of the target molecule, which molecules 
are created by virtue of the presence of the target molecule In the sample. In the situation where the target Is a 
polynucleotide, additional target, or target-like molecules, or molecules subject to detection can be made 
enzymatlcally with DNA or RNA polymerases. 

The term "reactive functional group" refers to a functional group capable of forming a covalent bond upon 
activation between two ligands held in a reactive position. Activation may include chemical or physical changes 
to the environment. 

The term "photoreactlve functional group" refers to a reactive functional group capable of forming a 
covalent bond upon photoactivation with radiant energy between two ligands held in a reactive position. 

An example of a photoreactlve functional group Includes, without iimltation, olefins, conjugated olefins, 
ketones, a, 0- unsaturated ketones, azldes, conjugated polyolefins characterized by conjugated double bonds 
and ketone functionality and aromatic compounds. Photoreac tive functional groups can be further 
characterized as coumarlns, psoralens, anthracenes, pyrenes, carotenes, tropones, chromones, qulnones, 
maleic anhydride, alkyl malelmlde and derivatives thereof. Further examples of photoreactlve functional 
groups can be found in the reference J. G. Calvert, James N. Pitts, Jr., Photochemistry , pages 536-48, John 
Wiley Sons, Inc. (1966), Incorporated by reference herein. 

The term "contiguous" means an adjacent area of a molecule. By way of example, In the case of biological 
binding pairs, where a first ligand binds to a receptor target molecule, the area surrounding and adjacent to the 
first ligand Is open and capable of binding to a second ligand contiguous to the first. In the context of 
polynucleotides, where a first probe binds to an area of a polynucleotide target molecule, an adjacent mutually 
exclusive area along the length of the target molecule can bind to a second probe which will then be 
contiguous to the first. The target molecule acts as a template, directing the position of the first probe and the 
second probe. The term "substantially contiguous" Is used in the functional sense to Include spatial 
orientations which may not touch, may not abut, or may overlap yet function to bring a reactive covalent 
functional group Into a reactive position. 

The term "capture ligand" means a ligand capable of specifically binding with a capture antlllgand associate 
with a support. 

The term "retrievable support" Is used In a broad sense to describe an entity which can be substantially 
dispersed within a medium and removed or separated from the medium by Immobilization, filtering, 
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P *^ZS 'lwoT*>nen used alone, includes conventional supports such as ...ters and membranes as 

well as retrievable supports. Qr .tnin n nHq means caDable of binding or 

The term "reversible-. In regard to the binding ot «fl^» f nd J« ' S^tamtTnS o?lhe llgand and 
releasing upon .mposlng changes which do not P*"™;"^*" ^ ^ ^such binding and release 
.ntlllgand. For example, without limitation. ^'"0 ^£ no Td e stroy the llgand or antll.gand. 

controlled by changes In pH. temperature and Ionic s engt ^^hlch do jo^ destroy t g ^ ^ 

Genetic information Is stored In living ce lis In Uvea d J£ ™' e ^ b y one of four 

double helix, each strand of which Is a chain of ""^P*'*'- ^^^Sls Ire commentary in the sense 
bases: adenine (A), guanine (G). thymine (T). ^J^^iSS and bondlo each other through 

r \XZ -tee? by^S) SA. with aden.Se in an 

opposing complementary strand. etra nri in the seauence of base pairs. DNA 

^c^ acid Is linked by a P-s~ 

nucleotide and the 3'-hydroxvl group , of the sugar of an J* cent " U J e J and an0 , ner lermlna , end havlng a 
occurring DNA or RNA has one terminal end haying a free 5 W aro ^0"» £ . 5 '-termini or 3'-termlnl In 
S'-hydroxy. group. The terminal ends of P<*™^ " ^S^S^^^Lm a phosphate 
reference to the respective free hydroxy! group Naturalj oo = f nrm antloaratlel complexes In which the 
group at the S'-termlnus. Complementary strands of DNA and RM .form anflpa lei comp 
3'-termlnal end of one strand Is oriented ahd bound to the 5 end J ,he °Sands to pair at their 

Nucielc acid hybridization assays are based J^^J* * SSy used to detect and Identify 
complementary regions. Presently, nucle.c acld ..^' d '^ molecule. In mixtures of nucleic 

unique DNA or RNA base sequences or specific genes In a complete una 

acid, or In mixtures of nucleic acid fragments. RNA extrac(ed 

The identification of unique DNA or RNA -fences or spec, Q™jJ* X ££2£&' Conditions, in 
from tissue or culture samples may Indicate the pres^^^ 

particular, the identification of unique DNA or ^^^^^^\bb^»b or conditions such as 
conditions, or provide Identification between types °» ^ 8 ™- dlaanosls and detection of disease. 

„„., h, B r, dte a.lon method or simply "^^J^^^ E 'pS^liri«^ - •>« 

Southern procedure Is used to Identify target dna or „„...,,.,, carr vlno the target sequence of 

by sublectlng sample RNA or DNA Isolated from an °;9 a "' s r ^ P^" 1 '^ £X D n a fragments are then 
interest, to restriction endonuclease digestion ^^^^^^^^^sli length. Each 
electrophoresed on a gel such as agarose or P 0 '^ 1 ^ denatured Inside the 

group of fragments can be tested for the presence of the target ^quence_i me u , |aced |n 

gel to enable transfer to nitrocellulose sheets. "V h S he DNA fragments transfer and 

contact (blotted) with nitrocellulose filter sheets or die zotized paper ^ to which * he DN A ag 

b-mebound^ tr Led with a solution 

to approximately 85 C to immoouize ine un radio-labeled probe Inc udes a strand 

can be detected. MfW ,i 0 hna franments Is allowed to take place. During the 

sg.ln form double-slr.nded struclure* comb ln» wUh sample DNA if the two 

oJTJSSSS Sn^tS*^^* «»— - - - ,ram 3 - 

48 hours, depending on given conditions. nitrnrpih.loqe sheet Is then placed on a sheet 

10 r/ise of nucleic acid hybridization assays has been hampered In part due to the Inabi.lty of investigators 
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to delect a signal from a probe Indicating the presence of target over background caused by nonspecific 
binding of the probe to non-target entitles. The signal to noise ratio can be Improved by decreasing 
background noise by segregating the nucleic acid from other cellular debris. Background noise Is sometimes 
reduced by subjecting a sample, potentially containing the nucleic acid of Interest, to which probe has been 
5 added to stringent washes which will remove probe which Is only nonspeclfically bound. However, as a 
practical matter, a small amount of probe Is disassociated from the target with each wash, particularly as 
stringency Increases. Investigators must balance between limiting background noise and retaining enough 
signal to detect target. 

The signal to noise ratio may also be Improved by Increasing or amplifying the signal which can be generated 
W from a single target molecule. As a practical matter, background noise is usually amplified to some degree with 
the signal. Investigators must balance between amplifying signal and maintaining background noise to a level 

at which the target can be detected. 

The techniques used to Improve slgnal-to-noise ratios in nucleic acid assay systems must be compatible 
with the overall environment In which the system Is to be used. For research purposes, time may be of less 

15 Importance th maximizing a signal-to-nolse ratio. However, in medical applications and in food testing, time 
may be a critical factor. For example, time considerations, In part, are driving Immuno and nucleic acid 
diagnostics away from radioactive labels to nonlsotoplc systems. Nonlsotopic systems do not require long 
development times necessary for X-ray film. Time considerations are also driving medical and food diagnostics 
away from culture techniques to other systems of detection. 

20 The problem of developing a useful and reliable signal-to-nolse ratio has led researchers to several 
techniques. Yabusakl et al. in PCT Patent Application PCT/US84/02024, International Publication Number 
WO85/02628 entitled Nucleic Acid Hybridization Assay report the use of photoreactive crosslinking reactions 
to link a probe to target DNA. However, the Yabusaki reference does not suggest means for amplifying the 
signal or photoreactlvely forming covalent bonds between contiguous ligands on a target template. European 

25 Patent Application 85308910.0 to Hunkaplller et al. entitled Detection of Specific Seque nces in Nucleic Acids 
suggests that two contiguous probes can be llgated together enzymaticatly to form a detectable unit. 
However, enzyme ligations are Inefficient, particularly, at low target concentrations normally encountered In 
analytical applications, and enzymatic ligation Is time-consuming. Enzymatic ligation requires many complex 
steps and is subject to variations In enzyme activity. Enzymes require two hours or more for proper Incubation. 

30 Two hours of incubation added to other assay steps, including sample preparation, hybridization, and 
detection, enlarges the total duration of the assay system limiting Its use in many clinical settings. 
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The present invention features methods, reagents, compositions, kits and apparatus for ligating 
substantially contiguous ligands to each other on a target template. Embodiments of the present Invention are 
well-suited for performing assays for target polynucleotide strands of interest. Further embodiments are 
well-suited for template-directed assembly of large molecules. 
40 Briefly, an embodiment of the present Invention includes a method for ligating substantially contiguous 
ligands which bind to a common target. The method includes contacting a target with a first llgand and a 
second llgand. At least one of the first and second ligands has a reactive functional group capable of forming a 
covalent bond between the first llgand and the second llgand, upon activation, when the first and second 
ligands are placed in a reactive position. The first llgand and the second ligand are both capable of 
45 simultaneously bind Ing to the target In a reactive position to form a receptor first-second ligand complex. 
Next, the method Includes the step of activating the reactive functional group to form a covalent bond between 
the first and second ligands creating a ligand reaction product. 

Preferred embodiments of the present invention Include photoreactive functional groups. The photoreactive 
functional group is activated by radiant energy. 
50 Embodiments of the present method can be used to assemble large molecules from individual segments. 
For example, without limitation, embodiments of the present invention have applications in the assembly of 

large DNA or RNA molecules. 
Embodiments of the present Invention also have particular application In diagnostics to detect the presence 

of a target molecule In a sample. 
55 In one embodiment, after activating the reactive functional group, the sample Is monitored for the presence 

of the ligand reaction product which is Indicative of the presence of target. 
A preferred embodiment Includes a first ligand and a second ligand having at least one photoreactive 

functional group. The first llgand and the second llgand are brought together upon a target molecule. The 

photoreactive functional group is activated with radiant energy to form a llgand llgand reaction product having 
SO detectable properties which are distinct from either llgand separately. The detection of the llgand-llgand 

reaction product is indicative of the presence of the target receptor molecule. 

Embodiments of the present invention are suitable for assay systems to detect polynucleotide target 

molecules. Thus, a further embodiment of the present method Includes an assay method wherein the first 

probe and the second probe are polynucleotide strands. At least one probe has a photoreactive group capable 
65 of binding the first and second probe together to form a probe reaction product when the photoreactive 
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functional group Is activated and when the first and second probes are In a reactive position. The first probe 
ana the second probe are capable of assuming the reactive position upon binding to substantially contiguous 
portions of a target polynucleotide. The photoreactive functional group is activated to form a probe reaction 
product having detectable properties distinct from either probe separately. The detection of the probe 
reaction product is Indicative of the presence of the target molecule. 

In the case where samples of clinical, agricultural or industrial origin are examined, preferred embodiments 
will Include sample processing steps to capture and segregate the target from extraneous debris, steps to 
reduce background and steps to amplify the target. 

A preferred method for assaying a sample for a target polynucleotide includes contacting a sample under 
binding conditions with a first probe, a second probe, and a support. The first probe and the second probe 
have at least one photoreactive functional group capable of binding the first probe and the second probe 
together to form a probe reaction product in the presence of radiant energy when the first and the second 
probe are placed in a reactive position. The first and second probe are capable of binding to the target 
polynucleotide to form a target first-second probe complex wherein the first and the second probe are in the 
reactive position. At least one of the probes includes a capture llgand. The support includes a capture 
antlllgand to allow association of the probe with a support. The second probe includes a label moiety capable 
of detection. Following contacting the sample with the first probe and the second probe, the method Includes 
the step of activating the functional group to form a probe reaction product. The method includes the step of 
forming a probe reaction product-support complex with or without association with target. In the situation 
where the capture association Is reversible, the probe reaction product and/or target are released into a new 
media apart from cellular debris and non-target polynucleotides released during sample processing. Where 
the capture llgand-antlllgand association is irreversible, the support can be subjected to stringent washes and 
purges to remove cellular debris and non-target polynucleotides. The probe reaction product is available for 
further processing including amplification and detection steps. 

In one embodiment of the present Invention, the first probe or the probe reaction product Is irreversibly 
associated with the capture support by further photoreactive functional groups. Preferably, the support Is 
retrievable, capable of substantially homogeneous dispersion into the medium containing the probe with the 
capture llgand. 

In the situation where the second probe, having a label moiety, Includes a second capture llgand, which 
ligand Is substantially Impaired when the second probe is bound to target or part of a probe reaction product, a 
second support having a second capture antiligand Is used to capture second probe which Is unbound to 
target or not a part of a probe reaction product. Capture of the second probe apart from the target or probe 
reaction product reduces background noise. 

Preferably, the first probe and the second probe both include photoreactive functional groups capable of 
Interacting upon activation with radiant energy to produce a probe reaction product. 

Preferably, one photoreactive functional group is positioned at or about the 3' end of one polynucleotide 
probe In order to interact with a second photoreactive functional group at or about the 5' end of a second 
probe. Thus, a first probe and a second probe will assume a reactive orientation upon a polynucleotide target 
molecule with the 3' terminus of one probe bearing a photoreactive functional group substantially contiguous 
and proximal to the 5' terminus of a second probe bearing a second photoreactive functional group. 

Preferably, the wavelength is selected to activate the photoreactive functional group, to minimize DNA 
photochemistry, and to minimize disruption of the probe reaction product, If formed. For coumarln-llke 
photoreactive functional groups a wavelength of between approximately 300 nanometers and 380 nanometers 
inclusive Is preferred. Further, a preferred photoreactive functional group has an extinction coefficient greater 
than 1,000 mole ' 1 ■ 1 - cm" 1 to permit excitation to reactive energy levels, and, most preferably, an extinction 
coefficient of of approximately 10,000 mole -M-cnr 1 . 

Preferred photoreactive functional groups Include benzo-alpha-pyrones (trivial name coumarlns). The 
structural formula for benzo-alpha-pyrone, coumarln, is set forth below: 




Preferably, the coumarln derivative includes a hydroxy or methoxy group at positions 5 or 7 in conjunction 
with the alpha-beta unsaturated lactone functional to give a 5-hydroxy-coumarin or a 7-methoxy-coumarln 
having a significant absorbance at about 320 nanometers. Further, substituent grouping on the benzene ring 
allows attachment of the coumarln derivative to amino functlonalized DNA. Thus, 5-hydroxy-coumarln and 
7-hydroxy-coumarln are derlvatlzed by termination of the linking oxymethylene chain with a N-hydroxysucclnl- 



EP 0 324 616 A2 



mlde ester grouping which Is known to react with aliphatic amino groups In aqueous solution. Preferably, the 
coumarln methylene chain Includes from between 1 to 10 atoms Inclusive; and, most prefera bly, the 
methylene chain Is 3 atoms In length. The methylene chain may Include atoms and functionality other than 
carbon Including, by way of example, oxygen and nitrogen. 

5 Preferably the functlonallzed DNA Includes a methylene chain. The DNA methylene chain includes 
functionality to react with the coumarin methylene chain. A preferred functionality on the DNA methylene chain 
Is an amine. The DNA methylene chain Is preferably from between 1 to 10 atoms in length inclusive and most 
preferably 4 atoms In length where the terminal atom is an amine. The DNA methylene chain may include atoms 
and functionality other than carbon including, by way of example, oxygen and nitrogen. 

10 The DNA and coumarin methylene chains form a DNA-coumarin linkage. The linkage allows the coumann 
derivatives sufficient freedom of motion to orientate properly for a 2 plus 2 cyclo addition reaction as set forth 
below: 
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Preferably, the linkage Is from between 1 to 10 atoms in length. A preferred coumarin derivative Is described 
below: 



35 



40 




Preferably R groups 1 through 6 are selected from the group consisting of -H, -CH 3 , -CH 2 CI, -CH 2 Br, -CH 2 I, 
-CH 2 F, -CHCIa. -CHBr 2( -CHI 2 , -CHF 2 , -CH 2 OH, -CH 2 OCH 3( -CH 2 NH 2 , -N 3 ,-COOH, -COOCH 3( -COOCH2CH3, 
-NH 2 , -NO2, -CBr 3 , -Cl 3 -CF3, -CCI 3l -CH(CH 3 ) 2 , -C(CH 3 ) 3t -CI, -Br, -I, -F, and -O(CH 2 ) n CH 3 (n-0 to 10) 
wherein, one of the R groups Includes a reactive moiety for linking to a functionalized DNA molecule. 
50 Preferably, the DNA molecule Is functlonallzed with an amine group. 

Preferably, the photoreactlve functional group will be covalently bound to the probe molecule via a chemical 
reaction such as alkylatlon, condensation or addition. 

A further group of compounds suitable as photoreactlve functional groups include psoralens having the 

general formula set forth below: 
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As set forth above Ri through Re respectively are selected from the group consisting of for example, -H t 
-CH 3 , -CH 2 CI, -CHaBr, -CH 2 l. -CHCfe. -CH 2 F. -CHBr 2 , -CHI 2 -CHF 2 , -CH 2 OH, -CH 2 NH 2 . -N 3 .-COOH, 
-COOCH3, -COOCH 2 CH 3( -NH 2 , -N0 2 , -CI3. -CBr 3( -CF 3 , -CCI 3 ,-CH(CH 3 ) 2 , -C(CH 3 ) 3 . -CI. -Br, -I, -F. and 
-0(CH 2 )nCH 3 (n = 0 to 10) wherein, one of the R groups includes a reactive moiety for linking to a f unctlonallzad 5 
DNA molecule. Preferably, the DNA molecule Is functlonalized with an amine group. 

Further functional groups exhibiting photoreactive characteristics Include olefins, conjugated olefins, 
ketones, a, p-unsaturated ketones, azides, conjugated polyolefins characterized by conjugated double bonds 
and ketone functionality, maleic anyhdrlde, alkyl mateimide, tropones. chromones, quinones and the like. 

Embodiments of the present Invention feature methods for amplifying a signal produced by hybridizing a W 
probe to a target molecule. The present method produces a memory of the hybridization process by covalently 
linking two probes In a substantially irreversible manner to form a probe reaction product. Following covalent 
linking, the probe reaction product can be removed from the target molecule allowing a different first and 
second probe molecule to hybridize and assume a reactive position upon the same target molecule. The new 
first and second probe molecules are photollgated to record a further hybridization from the same target. The 15 
cycling of unreacted probe molecules with the target molecule and the formation of photollgated probe 
reaction product may continue as needed limited only by the efficiency of the photollgatlon process to 
produce an ever-Increasing signal based on the presence of a target molecule. 

Thus, one embodiment of the present invention includes a method to increase the signal produced from a 
single target molecule. The method Includes the steps of imposing binding conditions on a sample potentially 20 
containing a target molecule of Interest in the presence of excess probe reagent containing a first probe and a 
second probe. The first probe and second probe Include at least one photoreactive functional group capable 
of binding the first probe to the second probe when the photoreactive functional group Is activated and the 
probes are In a reactive position. A further step Includes activating the photoreactive functional group means 
with radiant energy to form a detectable probe reaction product. A further step includes allowing the probe 25 
reaction product to disassociate from the target molecule to permit a further first probe and a further second 
probe to assume the position of the probe reaction product on the target molecule. A further step Includes 
activating the photoreactive functional group to produce a plurality of probe reaction products from a single 
target molecule, thus creating additional signals. The cycle can be repeated as desired limited by the efficiency 
of the photoreactlon. 

In the situation where the target molecule is a polynucleotide, binding and releasing conditions are generally 
suming and awkward for diagnostic equipment for which a large throughput Is desired. 

Surprisingly and unexpectedly, it is not necessary for all applications, to bring the probe reaction product 
and target complex to releasing conditions, to allow a new set of first and second probes to assume the 
position of the probe reaction product on the target. Under certain conditions, photoreactlon of the 35 
photoreactive functional group induces the probe reaction product to leave the target molecule allowing 
unreacted excess first and second probes to assume a reactive orientation on the target molecule template. A 
pulsed or continuous supply of radiant energy will produce a plurality of probe reaction products for a single 
target molecule. 

Surprisingly and unexpectedly, the use of photoreactive functional groups on contiguous probes has 40 
amplified the signal generated from a single target molecule up to 30-fold. The amplification of signals Is 
generally limited by the generation of side reactions between probe molecules covalently binding to the target 
template. 

Photoreactive functional groups which are sterfcaily impaired from binding to the target molecule template 
will limit the cross-linking of probes to target and cause further amplification. A preferred photoreactive 45 
functional group, coumarin-5-oxybutyrlc acid N-hydroxysuccinimlde ester, does not readily react with the 
target molecule template. 

Further, In the case of polynucleotide target molecules, the selection of target molecules having areas 
containing few photoreactive nucleotides may further limit the generation of cross-linking reactions to the 
DNA template. Generally, areas of DNA containing large relative concentrations of pyrimidlnes may contribute 50 
to a higher percentage of cross-linking side reactions between probe and a DNA template. 

Additionally, the ability of a polynucleotide probe to leave a DNA target template without pH, Ionic or ther 
mocycllng, may be related to the generation of thermal energy by the photoreactlon between the 
photoreactive covalent linking functional groups and to some degree by the energies generated by the DNA 
molecule upon absorbance of radiant energy or steric forces. An embodiment of the present Invention 55 
Includes the Introduction of chromophores In close proximity to probes or targets capable of absorbing 
radiant energy and Inducing a localized thermal effect upon the probe reaction product-target complex. 

Further processing may Include detection of the probe reaction product. For detection of the probe reaction 
product, one embodiment of the present Invention Includes the use of a first probe and a second probe where 
at least one of the probes has a label moiety capable of detection. Preferably, the label moiety Is associated 60 
with a probe which does not have a capture ligand means for target capture or probe reaction product capture 
In order to limit background. The probe with the capture means may be captured after steps to photoligate the 
first and second probe together Into a probe reaction product, such that only label moieties, which are 
associated with the probe reaction product on the second probe, are captured, thereby limiting background 
noise. 
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Further processing may also Include further amplification beyond the cycling of the probes on the target 
template to form additional probe reaction product. Thus, one embodiment of the present invention includes 
the enzymatic multiplication of the probe reaction product which is thereafter detected. Thus, In the situation 
where the first and second probes are RNA polynucleotides, the enzyme, Qp replicase, may be used to 
5 produce quantities of an enzyme reaction product based on the presence of the probe reaction product. In the 
situation where the first and second probes are DNA polynucleotides, the enzyme DNA polymerase may be 
used to produce quantities of an enzyme product. The enzymatic reaction product can thereafter be detected 
more readily due to a greater quantity than the probe reaction product. 

Amplification can also be performed and when using the probe reaction product as a template, utilizing a 
W second group of probes, antisense to the first probe and the second probe. The second group of probes can 
be llgated enzymatlcally or through reactive functional groups. At least one of the second group of probes 
Includes a label moiety capable of detection. 

A further embodiment of the present Invention includes an apparatus for ilgating substantially contiguous 
ligands which bind to a common target. The apparatus includes a containment vessel for receiving a target and 
15 first llgand and a second ligand. At least one of the first and second ligands has a reactive functional group 
capable of forming a covalent bond between the first ligand and the second llgand upon activation when the 
first and second ligands are placed In a reactive position. The first ligand and the second ligand are both 
capable of simultaneously binding to the target In a reactive position to form a target first-second ligand 
complex. The apparatus further Includes means for activating the reactive functional group to form a covalent 
20 bond between the first and second ligands. 

Embodiments of the present apparatus have particular application in diagnostics to detect the presence of a 
target molecule. In one embodiment of the present apparatus, the containment vessel is adapted to receive a 
first ligand and a second ligand together with a target molecule from a sample. The first llgand and the second 
ligand have reactive functional groups capable of covalently binding the first probe to the second probe to 
25 form a probe reaction product when the reactive functional group Is activated and when the first probe and the 
second probe are In a reactive position. The apparatus further Includes means for bringing the first ligand and 
second llgand Into binding conditions with the target molecule. 

The first ligand and second llgand are capable of forming a ligand reaction product having detectable 
properties which are distinct from either ligand separately. The apparatus includes activation means to activate 
30 the reactive functional group. Activation means may include pH control, light sources, injection of cofactors, 
and the like. The apparatus further includes detection means for detecting the presence of the ligand reaction 
product which In turn is Indicative of the presence of the target molecule. 

A preferred embodiment includes reactive functional groups which are activated with radiant energy. 
Activation means preferably include alight source having a substantially controlled wavelength corresponding 
35 to the activation wavelength of the photoreactive functional groups. Thus, in the situation wherein the 
photoreactlve functional groups have activation energies of approximately 300-380nm Inclusive, preferred 
activation means Include helium-cadmium laser, nitrogen laser, mercury arc lamp or other light sources 

equipped with appropriate filters. 

Embodiments of the present apparatus are adapted to receive crude samples and process the sample to 

40 release the target receptor molecule. Further embodiments feature means to capture the target receptor 
molecule and means for capturing background noise. Still further embodiment feature means for amplifying 
the probe reaction product of the target to improve signal. The term "crude sample" Is used to Include clinical 
samples, including by way of example, biopsy or tissue samples, sputum, blood, excretion, swabs, cultures; 
agricultural samples. Including plant matter soil samples; and industrial samples, Including fermentation 

45 samples, food and plant material, and the like. 

Thus, one embodiment of the present apparatus Includes means for receiving a crude sample for sample 
processing. Sample processing may Include dissolution of the sample In chaotroplc solutions, alkali, or 
sonificatlon to release the polynucleotide target molecule from cellular constituents. The apparatus further 
Includes means for receiving a first probe and a second probe. At least one of the first and second probes has 

50 a photoreactlve functional group capable of forming a covalent bond between the first probe and the second 
probe In the presence of radiant energy when the first and second probes are placed In a reactive orientation 
to form a probe reaction product. The first probe and the second probe are capable of simultaneously binding 
to the polynucleotide target molecule in a reactive position to form a target first-second probe complex. The 
apparatus further Includes means for bringing the probes into binding conditions with the target molecule In 

55 order that they may assume the reactive orientation. The apparatus further includes photoligatfon means for 
activating the photoreactlve functional group with radiant energy as the probes are in the reactive position. The 
apparatus further includes support means for capturing the probe reaction product. At least one of the probes 
include capture ligands for binding to a solid support. The apparatus further includes means for segregating 
cellular debris from the target. Means for segregating cellular debris from the target Include, by way of 

60 example, apparatus to perform washes and other purging means directed at the cellular debris without 
disturbing the probe reaction product. The apparatus may also Include detection means for detecting the 
probe reaction product which Is Indicative of the presence of the target molecule. 

One embodiment of the present apparatus features capture ligands which capture reactive functional 
groups. Upon activation, the capture reactive functional group forms a covalent bond between the solid 

65 support and the probe reaction product. The covalent bond between the solid support and the probe reaction 
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product allows more stringent washes and purges. The removal of additional cellular debris from the probe 
reaction product reduces background noise. 

A further embodiment of the present Invention features a retrievable support. The retrievable support is in 
association or capable of associating via capture llgands with one of the first or second probes to the 
exclusion of the other. The retrievable support is capable of a substantially homogeneous dispersion within a 5 
sample medium and mimics In solution kinetics. The support may take many forms including, by way of 
example, nitrocellulose reduced to particulate form, beads or other particle-like material. Nitrocellulose may be 
retrieved upon passing the sample medium containing the nitrocellulose support through a sieve. 
Nitrocellulose may also be Impregnated with magnetic particles or the like which would allow the nitrocellulose 
to migrate within the sample medium upon the application of a magnetic field. Beads or particles may be 10 
filtered upon passing the sample through a sieve. Beads or particles may also exhibit electromagnetic 
properties which would allow the beads or particles to migrate within the sample medium upon the application 
of a magnetic field. Beads, such as polystyrene beads, may partition to the surface of an aqueous medium due 
to their respective densities. 

Retrievable supports which are adapted to capture an unlabeled probe are used to effect target capture or 15 
probe reaction product capture. Retrievable supports which are adapted to capture a labeled probe are used 
to capture background noise In the form of labeled probe which is not part of the probe reaction product. 

A further embodiment of the present invention includes compositions with utility as photoreactlve functional 
groups. Preferred compositions Include derivatives of coumarin. Preferably, the coumarin derivative includes a 
hydroxy or methoxy group at positions 5 or 7 in conjunction with the alpha beta unsaturated lactone 20 
functionality to give a 5-hydroxy or methoxy-coumarin or a 7-hydroxy or methoxy-coumarln having significant 
absorbance at about 320 nanometers. 

Preferably, the coumarin derivative has a substituent grouping on the benzene ring for reacting with a ligand 
reactive functional group. Thus, 5-hydroxy-coumarin and 7-hydroxy-coumarin are derivatized by alkylation with 
a methylene chain, which chain has an N-hydroxysuccinimide ester group, a group which is known to react 25 
with aliphatic amino groups In an aqueous solution. The N-hydroxysucclnimide ester can be reacted with an 
aliphatic amino group on the ligand. Other amine reactive groups include by way of example, Isothlocyanate, 
sulfonic acid chlorides, carboxylic acids, bromoalkyls, dichlorotriazlnes and aldehydes, p-nltrophenyl esters, 
pentachlorophenyl esters and imldates. 

Preferably, the methylene chain includes from between 1 to 10 atoms inclusive; and, most preferably, the 30 
methylene chain is 3 atoms in length. The methylene chain may Include atoms other than carbon, Including by 
way of example, oxygen and nitrogen. The methylene chain of the coumarin is able to react with functlonalized 
DNA to form a linkage. The linkages allow the coumarin derivatives sufficient freedom of motion to orient 
properly for photo-addition as set forth previously. 

A further embodiment of the present invention includes a polynucleotide having a photoreactive functional 35 
group selected from the group of photoreactlve functional groups consisting essentially of benzo-alpha-py- 
rones, psoralens, anthracene, pyrene, carotenes, and conjugated polyolefins characterized by conjugated 
double bonds and ketone functionalities and derivatives thereof. 

Preferably, the coumarins are selected from the group of coumarins having the structural formula set forth 
below: 40 




45 



50 



wherein the R groups 1-6 are selected from the groups consisting of -H, -OH, -Chb, -CH 2 CI, -CH 2 Br, -CH2I, 
-CH 2 F, -CHBr 2 , -CHCI 2 , -CHF 2 , -CHI 2 . -CH 2 OH, -CH 2 NH 2 , -N3COOH, -COOCH3, -COOCH2CH3. -NH 2 , -N0 2l 55 
-CBr 3 , -CI3. -CF 3 , -CCI 3 , -CH(CH 3 ) 2 , -O(CH 2 ) n CH 3 (n = 0 to 10), -C(CH 3 ) 3 , -CI, -Br, -I, and -F. 
Preferably, the psoralens have the general formula set forth below: 
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wherein Ri through Re respectively are selected from the group consisting of for example, -H, -CH 3 , -CH2CI, 
-CH 2 Br, -CH3I. -CH 2 F, -CHBr 2( -CHCI2. -CHF 2t -CHI 2l -CH 2 OH, -CH 2 OCH 3 , -CH 2 NH 2 , -N 3 COOH, -COOCH 3) 
-COOCH 2 CH 3( -0(CH 2 ) n CH 3 (n-0 to 10), -NH 2 , -N0 2 , -CBr 3 , -CI3. -CF 3 , -CC 3 . -CH(CH 3 ) 2 , -C(CH 3 ) 3 . -CI, -Br, 
-I. -F. 

15 Preferred coumarin derivatives Include coumarln-7-oxybutyric acid N-hydroxysuccinlmide ester, 4-methyl- 
coumarln-7-oxybutyrlc acid N-hydroxysuccinimide ester, 7-methoxycoumarin-6-oxybutyric acid N-hydroxy- 
succinlmide ester, and coumarln-6-lsothlocyanate. A further embodiment of the present Invention includes a 
composition comprising the reaction product of a reaction of two polynucleotide strands covalently bonded by 
a derivative of a photoreactive functional group at the 3' and 5' termini of the respective strands. 

20 A further embodiment of the present invention Includes a composition comprising a modified polynucleotide 
having a first strand and a second strand each having a 3' terminal end and a 5' terminal end, the 3' terminal 
end of one strand bonded to the 5' terminal end of the other strand through dlmer, formed from a 
photoreactive monomer. 

A further embodiment of the present Invention includes a kit for performing photoligatlon of contiguous 
25 ligands to a target molecule. As applied to diagnostics, where the target molecule is a polynucleotide, the kit 
includes a reagent for contacting a sample potentially containing a target molecule of interest. The reagent 
Includes a first probe and a second probe wherein the first probe and the second probe have at least one 
photoreactive functional group, capable of covalently binding the first probe and the second probe to form a 
probe reaction product In the presence of radiant energy to form a probe reaction product when the first probe 
30 and the second probe are placed in a reactive position. The first probe and the second probe are capable of 
binding to the target molecule to assume a reactive position. The probe reaction product has detectable 
features which are distinguishable from either the first probe or the second probe individually. 

Embodiments of the present invention are simple in construction and In procedure. Embodiments of the 
present Invention are particularly applicable to DNA probe diagnostics and nonradioactive probe labels. 
35 Further, the method steps of covalently llgatlng substantially contiguous probes by means of photoreactive 
functional groups is applicable to a wide variety of steps and procedures. 

Other features and advantages of the present invention will be apparent from the following description 
which, by way of Illustration, shows preferred embodiment of the present invention and the principals thereof 
and what is now considered to be the best mode to apply these principals. 

40 

DESCRIPTION OF THE DRAWINGS 



45 Figure 1 illustrates method steps and features of an apparatus and In accordance with embodiments of 

the present Invention in schematic form. 



DETAILED DESCRIPTION 
50 

The present Invention is described in detail as a method and apparatus for ligating contiguous 
polynucleotide probes to a polynucleotide target molecule of Interest In the context of a DNA probe diagnostic 
apparatus, with the understanding that the present disclosure Is to be considered an exemplification of the 
principals of the Invention and Is not intended to limit the invention to the embodiment illustrated. The present 

55 Invention can be used wherever it is necessary to covalently bind two contiguous ligand molecules to form a 
llaand reaction Droduct upon a template antifiqand. For example, the present methods and apparatus have an 
application In immunodiagnostics, nucleotide synthesis, and sequencing. 

Turning now to Figure 1 of the drawings, a method and apparatus for producing photoligation of 
substantially contiguous ligands is illustrated with special application for diagnostic purposes to detect a 

60 polynucleotide target moiecule. 

Figure 1 Illustrates in schematic form methods and apparatus for performing an assay in which the assay 
instrument is generally designated by the numeral 11. The instrument 11 Includes the following major 
components: a containment vessel 13, conveying means illustrated schematically as a double arrow, means 
for denaturing the target polynucleotide 17, means for bringing the target polynucleotide and a first and a 

65 second probe Into hybridization conditions 19, means for producing radiant energy within the containment 
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vessel 21, and detection means 23. 

As Illustrated In Figure 1, the apparatus Is divided Into seven stages. Turning now to Stage 1 of Figure 1, a 
containment vessel 13 receives a clinical sample containing cells which potentially contain a polynucleotide 
target molecule. The cells potentially carry target nucleic acid, either DNA or RNA, having a base sequence of 
particular Interest Indicative of pathogens, genetic conditions or desirable gene characteristics. Polynucleo- 
tide sequences can be Identified for the following respiratory infections, diarrhoeas, venereal diseases, sepsis, 
and food hygiene. 

Respiratory Infections: 

(a) Bacteria: (i-hemolytic streptococci (group A), Hemophilus influenzae, pneumococcl, Mycoplasma 
pneumoniae, mycobacteria 

(b) Viruses: Influenza A, influenza B, parainfluenza (types 1, 2 and 3), respiratory syncytial virus, 
adenoviruses, coronaviruses, rhlnoviruses 

Diarrhoeas: 

(a) Bacteria: salmonellae, shlgellae, Yersinia enterocolltica, E. coli, Clostridium difficile, Campylobacter 

(b) Viruses: rotaviruses, parvoviruses, adenoviruses, enteroviruses 

Venereal diseases: 



w 



15 



20 



(a) Bacteria: Neisseria gonorrhoeae, Treponema pallidum, Chlamydia trachomatis 

(b) Viruses: Herpes simplex virus, acquired Immune deficiency syndrome (AIDS) virus 

(c) Yeasts: Candida albicans 25 

(d) Protozoa: Trichomonas vaginalis 

Sepsis: 

(a) Bacteria: p-hemolytic streptococci (group A), pneumoccl, enterobacterla 30 

Food hygiene: 

(a) Bacteria: salmonellae and Clastrldium perfrlngens. 

The clinical samples may be obtained from any excreta or physiological fluid, such as stool, urine, sputum, 35 
pus. serum, plasma, ocular lens fluid, spinal fluid, lymph, genital washings, or the tike. Individuals skilled in the 
art may desire to reduce the biopsy samples to single cell suspensions or small clumps by means known In the 
art. For example, biopsy samples of solid tissues can be effectively reduced to single cell suspensions or to 
small clumps of cells by agitating the biopsy sample in a mixture of 0.5 molar sodium chloride, 10 mM 
magnesium chloride, 0.14 molar phosphate buffer (pH 6.8), and 25 milligrams per milliliter cyclohexamlde. 40 
Isolation of specific cell types by established procedures known in the art, such as differential centrifugatlon, 
density gradient centrifugatlon, or other methods can also be applied at this stage. 

The cells are then treated to liberate their DNA and/or RNA. Chemical lysfng is well-known In the art. 
Chemical lyslng can be performed with dilute aqueous alkali, for example 0.1 to 1 molar sodium hydroxide. The 
alkali also serves to denature the DNA or RNA. Other denaturization In lyslng agents Include elevated 45 
temperatures, organic reagents, for example, alcohols, amides, amines, ureas, phenols and sulfoxides, or 
certain Inorganic Ions, for example, chaotropic salts such as sodium trifluoroacetate, sodium trichloroacetate, 
sodium perchlorate, guanldinum Isothlocyanate, sodium iodide, potassium iodide, sodium Isothlocyanate, and 
potassium Isothlocyanate. 

The clinical sample may also be subjected to various restriction endonucleases to divide the DNA or RNA 50 
Into discrete segments which may be easier to handle. At the completion of the sample processing steps, the 
clinical sample Includes sample nucleic acid, cellular debris and impurities. 

Further reagents include a first probe and a second probe. The first probe and the second probe have 
photoreactlve functional groups capable of covalently binding the first probe and the second probe together 
to form a probe reaction product upon photoactivation when the first probe and the second probe are In a 55 
reactive position. The first probe and the second probe assume a reactive position upon binding to the target 
molecule to form a target first-second probe complex. When the target molecule Is not present, the probes will 

in rnnMlnn nroeltlrtn Thue tho fnrmathn nf the nrnhp roartlnn nrnrjiJCl Is Indicative Of the presence Of 

the target molecule. 

Those skilled in the art will recognize that the order of addition to the sample of dissolution solvents and first 60 
and second probes is arbitrary. Care must be taken, however, that the first and second probes are compatible 
with the agents used to solubilize cellular material. 

At the completion of Stage 1, the sample, which has been processed to liberate the polynucleotide target 
molecule, Is moved to Stage 2 by conveying means. As used here, conveying means Includes an endless belt, 
turntable, or manual movement between areas where different steps of the present method are carried out. 65 
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Turning now to Stage 2, one embodiment of the present Invention Includes steps and apparatus to capture the 
target nucleic acid with a support, In association or capable of associating, with a capture probe. Target 
capture steps may not be necessary and are optional. .„ 
The capture probe may be a separate probe or may include features of a probe participating In reaction In 
5 cooperation with another probe and may remain with the target as a first or a second probe. Thus, the capture 
probe may Include a photoreactlve functional group capable of covalently binding to a second probe In the 
presence of light 

The probe moiety may be associated to the support, capable of association with the support, by covalent 
bond between the probe moiety with the retrievable support, by affinity association of the probe to the 
W retrievable support, by hydrogen bonding of the probe moiety to the retrievable support, or by nonspecific 
association of the probe moiety to the retrievable support. As described herein, the first probe Includes a 
homopolymer tail portion capable of binding to a complementary homopolymer tail associated with a 
retrievable support and will also participate in photoreactlons with a second probe. 

The retrievable support may take many forms Including, by way of example, nitrocellulose reduced to 
15 particulate form and retrievable upon passing the sample medium containing the support through a sieve; 
nitrocellulose or like materials Impregnated with magnetic particles, to allow the nitrocellulose to migrate 
within the sample medium upon the application of a magnetic field; beads or particles which may be filtered or 
exhibit electromagnetic properties; and polystyrene beads which partition to the surface of an aqueous 

20 preferred embodiment of the present Invention includes a retrievable support comprising magnetic beads 

characterized in their ability to be substantially homogeneously dispersed In the sample medium. Preferably, 
the magnetic beads contain primary amine functional groups which facilitate covalent binding association of a 
homopolymer tall portion to the magnetic support particles. 
Preferably the magnetic bead supports are single domain magnets and are super paramagnetic exhibiting 

25 no residual magnetism. The particles or beads may be comprised of magnet-type particles, although they can 
also be other magnetic metal or metal oxides, whether in impure, alloy, or composite form, as long as they have 
a reactive surface and exhibit an ability to react to a magnetic field. Other materials that may be used 
Individually or In combination with Iron include, but are not limited to, cobalt, nickel, and silicon. Methods of 
making magnetlde or metal oxide particles are disclosed in Vandenberghe et al.. "Preparation and Magnetic 

30 Properties of Ultra-Fine Cobalt Ferrites; J. of Magnetism and Magnetic Materials , 15-18:1117-18 (1980); E. 
Matijevlc "Mono Dispersed Metal (Hydrous) Oxide ~ A Fascinating Field of Colloidal Science," Acc. Chem. 
Res 14-22-29 (1981) the disclosures of which are Incorporated herein by reference. A magnetic bead suitable 
foTippllcatlon to the present Invention Includes a magnetic bead containing primary amine functional groups 
marketed under the trade name Bio-Mag by Advanced Magnetics, Inc. 

3* A preferred magnetic particle is nonporous yet still permits association with a probe moiety. Reactive sites 
not involved In the association of the probe moiety are preferably blocked to prevent nonspecific binding of 
other reagents, impurities, and cellular material. The magnetic particles preferably exist at substantially 
colloidal suspensions. Probe moieties associated with the surface of the particle extend directly into solution 
surrounding the particle. Probe moieties react with dissolved reagents and substrates In solution with rates 

40 and yields characteristic of reactions In solutions. Further, with decreasing particle size, the ratio of surface 
area to volume of the particles increase, thereby permitting more functional groups and probes to be attached 
per unit weight of magnetic particles. 

Beads having reactive amine functional groups can be reacted with polynucleotides to covalently affix the 
polynucleotide to the bead. The beads are reacted with 100/o glutaraldehyde and sodium phosphate buffer and 

45 subsequently reacted In a phosphate buffer with an ethylene diamine adduct of the phosphorylated 

polynucleotide. , . . . a . . „.,. 

The retrievable support with associated homopolymer capture antl-llgand Is brought Into contact with the 
processed sample and first probe, and brought Into binding conditions. The first probe is specific for the targe 
of interest and becomes bonded to the target strands present in the clinical sample. The retrievable support 

50 dispersed throughout the sample and the reagent medium allows the first probe, the target, and the 
homopolymer tails of the first probe and the support to hybridize as though they were free In solution. 

The hybridization of the probe to target can be accomplished In approximately 15 minutes. In contrast, 
hybridizations In which either the probe or the target are Immobilized on the support not having the capability 
to be dispersed in the medium may take as long as 3-48 hours. Extraneous DNA, RNA, cellular debris and 

55 impurities are not specifically bonded to the support. However, as a practical matter, a small amount of 

- v . c nMA DMA ^-n.iipr Hohrie anH immiritips are able, and do in fact nonsDeclfically bind, to any entity 

placed within the reaction vessel including the retrievable support. 

In one embodiment of the present invention, the support Is immobilized within the containment vessel by the 
introduction of a magnetic field. The support carrying the capture probe and target is Isolated from the 

60 remaining sample Including extraneous DNA, RNA, cellular debris, and impurities. 

Thereafter, the target molecule is conveyed to Stage 3 within the same containment vessel 13 or a new 
containment vessel adapted to receive photoligatlon reagents, Including a first probe and a second probe If 
such reagents have not already been added. The first probe and the second probe have at least one 
photoreactlve functional group capable of covalently binding the first probe and the second probe to form a 

65 probe reaction product in the presence of light when the first probe and the second probe are placed in a 
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reactive position. The first and second probe are capable of binding to the target molecule In a reactive 
position to form a target first-second probe complex. 

The sample target and the first probe and the second probe are placed into binding conditions at Stage 3 by 
denaturing the polynucleotides carried on the support and photoligation reagents by means of a heating 
element 17. After the sample target has been denatured at Stage 3, the support, potentially carrying 
nonspecifically bound extraneous DNA, RNA cellular debris, and impurities is removed. 

Next, the containment vessel 13 is conveyed via conveying means to Stage 4 and brought Into binding 
conditions by cooling. Those skilled in the art will recognize that the heating and cooling depicted In Stages 3 
and 4 can also be accomplished by pH control, Ionic strength and other means to denature and renature the 
target DNA with the first and second probes. 

The target, If present, bound to a first probe and a second probe, which Include at least one photoreacttve 
functional group capable of covalently binding che first and second probe to form a probe reaction product. Is 
conveyed to Stage 5. 

At Stage 5, the target molecule, If present, and the first and second probe bound In a reactive position, is 
subjected to radiant energy from a light source including a mercury arc lamp, or a nitrogen laser or a helium 15 
cad mlum laser. In the presence of the radiant energy, a probe reaction product Is formed. 

Sufficient energy may be absorbed by the probe reaction product such that the probe reaction product will 
leave the target template. The target template is capable of binding to a further first probe and second probe 
and. such additional first probe and second probe are capable of forming a further probe reaction product. 
Thus, embodiments of the present invention allow additional probe reaction products to be formed from a 20 
single target molecule amplifying the signal generated from a single target molecule. 

Alternatively, the probe reaction product can be removed from the target template by denaturing the 
target-probe reaction product complex. In the presence of excess first and second probe, an additional first 
probe and second probe may assume reactive positions on the target. Upon renaturing and activation, further 
probe reaction product Is formed from a single target molecule. The cycle may be repeated as desired. 25 

The second probe Includes a label moiety capable of detection. Preferred fluorescent label moieties Include, 
by way of example, without limitation, fluorescein Isothiocyanate. sulforhodamlne 101 sulfonic acid chloride 
(Texas Red), N-hydroxysucclnimtdyl pyrenebutanoate, eosin isothiocyanate, erythrosin Isothiocyanate, and 
derivatives thereof. Preferred chemiluminescent agents and cofactors Include lumlnol, mlcroperoxldase, 
glucose oxidase, acridinlum esters, lucigenln, fuciferase and derivatives thereof. A preferred color Indicating 30 
agent Includes biotin-avldin-horseradish peroxidase systems. Stage 6 provides for Isolation of the probe 
reaction product and, if necessary, background capture in order to improve the signal-to-noise ratio of the 
detection system. Isolation of the probe reaction product can be accomplished by capture of the first probe 
llgand on a support, gel separation, and the like. Further, puriflcaiton of probe reaction product may be 
achieved by cycles of capture and release of the probe reaction product from a support to remove nonspecific 35 
cell, bound labeled probe material. 

Preferably, Stage 6 provides for a means to capture labeled second probe which is not part , of the 
photoligation probe reaction product. Suitable means for removing unligated labeled probe Include, by way of 
example without limitation, enzymatic destruction of the labeled probe apart from the probe reaction product, 
physical removal of the labeled probe upon a support having a specific ilgand for the labeled probe apart from 40 

the probe reaction product. 

From Stage 6, probe reaction product Is moved to Stage 7 via conveying means where the label moiety on to 
labeled probe as part of the probe reaction product is detected. For some detection systems it may be 
advantageous to remove the probe reaction product from the support. In the event that the label moiety is a 
fluorophore, the detection means include means to excite one of the label moieties, for example, a laser having 45 
an appropriate emission spectrum corresponding to the excitation spectrum of the label moiety, or a light 
source equipped with suitable filters. In the event that the label moieties include a chemiluminescent agent, the 
excitation means would Include means for injecting Into the containment vessel 13 suitable cofactors to 
produce a light emitting reaction. For label moieties which produce a light signal, such as chemiluminescent 
label moieties or fluorescent label moieties, Stage 7 includes a signal detector 23 In the form of a photon 50 
counter positioned to receive fluorescent emissions or chemiluminescent emissions from the containment 
vessels. The photon counters produce a photon signal which Is received, amplified, and processed by an 
analyzer. The analyzer processes the photon signals Into values which can be graphically depicted or rendered 
Into other forms which convey the results to an operator. 

In the event that the label moiety Is a colorlmetrlc label moiety, such as a blotin-avidln system In which the 55 
hybridized bfotlnylated probe is detected enzymatically, detection is based on the binding of blotin to 
strept-avidln where typically a preformed strept-avidin, horseradish peroxidase complex is used to recognize 
ano Dina to a Diotin moiety associated with the uimaa prooc. me yicSoi.uo w. n.c 
determined by the addition of peroxidase substrates which yields a colored precipitate. 

Embodiments of the present apparatus for the detection of target molecules of Interest are compatible with 60 
cycling between Stage 5 and Stage 3 to produce greater quantities of probe reaction products. The cycling 
may Include the addition of a second set of probes. The second set of probes can be used which bind to the 
first probe reaction product to form a second probe reaction product. The second set of probes contains a 
label moiety capable of detection. The denaturizatlon and hybridization cycles with a second probe set to the 
probe reaction product can provide an exponential increase In total detectable signal. The photoligated 55 
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product of each probe set Is capable of serving as a template for the ligation of the other probe set which Is 
Initiated by the presence of the target molecule. 

The present apparatus Is further compatible with other means of amplification. Other means of amplification 
Include enzymatic generation of target molecules by means of RNA polymerase, DNA polymerase, and other 

5 enzymatic means of amplification. In a situation where the ultimate goal is to detect a pathogen, such as a virus 
or bacteria, It may be advantageous to select a target molecule apart from the genomic DNA due to a higher 
copy number. Thus, the embodiments of the present invention are adapted for use In searching for ribosomal 
RNA or messenger RNA which can be further amplified using Q0 repllcase as suggested in Methods in 
Enzymology (1979), 60:628. The replication product produced by Q(3 repllcase can be a further template for the 

10 enzyme producing an RNA target which Is replicated exponentially. 

The present invention is further illustrated and described in the following experimental examples which 
exemplify features of the preferred embodiments. 



75 Example 1 



A. Overview 

Example 1 describes preferred synthesis of photoreactive molecules, which can be reacted with probe 

20 molecules, particularly polynucleotides, to form polynucleotide probes having photoreactive functional 
groups. The photoreactive molecule includes a chromophore and a reactive group. Preferably, the reactive 
group Is reacted with the polynucleotide probes by chemistry which Is nondisruptive of feature essential to Its 
operation as a probe. Suitable reactive groups Include N-hydroxysuccinimlde ester, isothiocyanate, sulfonic 
acid chlorides, carboxyllc acids, bromo alkyls, dlchlorotriazlnes, aldehydes, p-nltrophenyl esters, pentachloro- 

25 phenyl esters and Imldates which are known to react with aliphatic amine groups. 

Preferably, the probe molecules Include a reactive methylene chain which will react with the reactive group 
of the photoreactive molecule. A preferred reactive methylene chain includes an aliphatic chain of 1 to 10 
atoms. The probe methylene chain may Include atoms other than carbon, Including by way of example, oxygen 
and nitrogen. The terminal atom Is preferably an amine. The probe methylene chain, with the reactive group of 

30 the photoreactive molecule form a linkage. 

The length of the linkage will influence the ability of the photoreactive groups to orientate for a 2 + 2 
cycloaddition reaction. Further, the length of the covalent linkage to the probe may sterically Impede the 
interaction of the photoreactive group with hybridized nucleotide bases. 
Preferably, the photoreactive group Is amenable to 24-2 cycloaddition. Preferred photoreactive groups have 

35 excitation energies compatible with available radiant energy sources. Preferred excitation energies include 
325 nm and 337 nm corresponding to the wavelength of emissions from a helium-cadmium laser and a nitrogen 
gas laser respectively and the 300-400 nm region of a mercury arc lamp. Preferred photoreactive groups have 
a significant extinction coefficient of not less than 1,000 mole "M-crrr 1 to permit efficient excitation. 
Preferably, photoreactive groups selectively react with specific photoreactive groups, and not with 

40 nucleotide bases, to provide covalent irreversible dimerisatlon. Preferred photoreactive groups include 
coumarin derivatives, including by way of example, without limitation, coumarin-7-oxybutyrlc acid 
N-hydroxysuccinlmide ester, 4-methylcoumarln-7-oxybutyric acid N-hydroxysucclnlmide ester, 7-methoxy- 
coumarin-6-oxybutyric acid N-hydroxysuccinlmlde ester, coumarin-5-oxybutyrlc N-hydroxysuccinlmlde ester, 
6-methoxycoumarin-7-oxybutyrlc acid N-hydroxysuccinlmide ester, and coumarln-6-lsothiocyanate. 

45 Reaction Scheme 1 , set forth below, generally describes the synthesis of a photoreactive molecule capa ble 
of reacting with a functlonalized DNA. 
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Scheme 1 




As used above, n may be an integer 1 to 10. However, when n equals 1, photoreactlve molecules capable of 
reacting In the functional DNA exhibit limited stability. A preferred integer is three. 

For the synthesis of coumarin-7-oxybutyric acid N-hydroxysuccinimlde ester, n equals 3 and Ri equals 
hydrogen. For the synthesis of 4-methylcoumarin-7-oxybutyrlc acid N-hydroxysuccinlmide ester, n equals 3 

and Ri equals methyl. 

In reaction Scheme 1 , a coumarln or coumarin derivative is first alkylated with an alkylating agent, having an 
aliphatic group of a preferred number of carbons, In refluxing acetonitrile solution In the presence of a strong 
base, such as N 1 , N 1 , N 3 , N 3 - tetramethylguanldlne to form an ethyl ester derivative. The ethyl ester derivative 
Is then hydrolysed with aqueous strong acid, such as hydrochloric acid, in acetone. 

Reaction Scheme 2, set forth below, generally describes the synthesis of 7-methoxy derivatives of couma 
rin beginning with a 7-hydroxy coumarln derivative having a blocking group at an oxidized 6 position: 
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Scheme 2 . 
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A further reaction scheme, Scheme 3 set forth below, is used to link a coumarin derivative to reactive 
aliphatic amine on a polynucleotide at the 6 position through an isothiocyanate functional group producing a 
shorter aliphatic chain between the coumarin derivative and the polynucleotide: 



Scheme 3 




The isothiocyanate derivative is produced by nitrating a coumarin derivative at the 6 position, reducing the 
60 nitro to an amine, and reacting the amino derivative with thiophosgen. 

Other syntheses of coumarin derivatives which will react with amine derlvatized polynucleotides Include 
reactions of hydroxylated derivatives of coumarin with bromoacetonitrile as set forth in Scheme 4 below: 
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Scheme 4 
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A further synthesis of coumarin derivatives directed to the ring structure is set forth in Scheme 5 beiow: 



Scheme 5 
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B. Materials and Methods 

In the foregoing example. 7-hydroxycoumarin (umbelliferone, [93-35-6]), 7-hydroxy-4-methylcoumarin 
[90-33-5), esculln monohydrate [531-75-9], 7-hydroxy-6-methoxycoumarin (scopoletin, [92-61-5]), 6-hydroxy- 
7-methoxycoumarln (isoscopoletln, [776-86-3]) and coumarin (91-64-5] were obtained from Aldrlch Chemical 
Company. Milwaukee, Wisconsin. 

Thin-layer chromatography (TLC) was performed on Merck silica gel 60F-254 glass-backed plates. The 
following solvent systems were used: (A) chloroform -methanol (19:1, v/v); (B) chloroform -methanol (9:1, 
v/v); (C) chloroform - methanol (4:1, v/v). After development substances were detected by UV light. Fourier 
transform NMR spectra were obtained on a Nicolet Instrument at 300MHz unless otherwise stated. 

Quantitative UV spectra were obtained on a Hewlett Packard 8451 A diode array spectrophotometer. 
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C. Coumarin-7-oxybutyric Acid N-hydroxysucclnimlde Ester 

Coumarln-7-oxybutyrlc acid N-hydroxysucclnimide ester was prepared by reacting 7-hydroxycoumartn with 
ethyl 4-bromobutyrate to form coumarln-7-oxybutyrlc acid ethyl ester. Next, the ethyl ester was reacted with 
acid to form coumarln-7-oxybutyrlc acid which was reacted with N-hydroxysucclnlmide to form the 
5 N-hydroxysucclnimide ester In accordance with the Scheme 1 above. 

To a magnetically stirred mixture of 7-hydroxycoumarin (8.1g, 50mmol) and ethyl 4-bromobutyrate (8.0ml, 
55mmol) In acetonltrlle (150mi) was added In portions, N 1 , N*. N 3 , NMetramethylguanldine (TMG, 7.0ml, 
55mmoi). The deep yellow solution was heated under reflux for 4 hours, when TLC (System B) indicated a 
partial conversion to a new higher R f substance. A further 2.91ml of ethyl 4-bromobutyrate. and 2.55 ml of TMQ 

W were added and the mixture heated under reflux for a further 2 hours or until the reaction Is complete (TLC). 
The solvent was evaporated in vacuo, the residue dissolved in chloroform (150ml), extracted with saturated 
sodium hydrogen carbonate solution (2 x 150ml), dried (MgSCU) and evaporated a thick oil which slowly 
solidified. The solid was recrystallized from methanol (25ml) and then from aqueous methanol. Yield 12.5g 
(91o/o). 1 H NMR (DMSO-de) : 7.99 (d, J « 9.6Hz, 1 H), 7.62 (d, J = 8Hz, 1 H), 6.98 (d t J = 2.4Hz, 1 H), 6.94 (dd, J 8, 

15 2.4Hz, 1H)„ 6.29 (d, J -9.6Hz, 1H), 4.08 (m,4H), 2.47 (t, J = 8Hz, 2H), 1.99 (g, J-8Hz.2H), 1.19 (t. J-8Hz,3H) 
M.P. 66-70°C. UV (Methanol): Lambda max 324nm (14 700), 290 nm (shoulder), lambda mln 260 (1 300). 

Coumarin-7-oxybutyrlc acid ethyl ester, 12.5g was completely dissolved In acetone (200m!) and 5M aqueous 
hydrochloric acid (200ml) was added. 10 The resulting sol utlon was stirred at room temperature for 20 hours or 
until the reaction was complete (TLC, System B). The crystals of the coumarin-7-carboxylic acid which had 

20 separated from solution were collected by filtration on a sinter glass funnel, washed thoroughly with water and 
finally with ethanol then dried over P 2 0 5 overnight. Yield 10.1 1g (90o/o). M.p. 198-200°C. RtfSystem B) 0.05. 1 H 
NMR (DMSO-de): 7.99 (d, J«9Hz, 1H), 7.62 (d, J-8Hz, 1H), 6.98 (m, 2H), 6.28 (d, J = 9Hz, 1H), 4.10 (t, J-5Hz, 
2H), 2.40 (t, J = 5Hz, 1H), 1.97 (m, 2H). 
To a solution of coumarln-7-oxybutyrlc acid (1.39g, 5mmol) and N-hydroxysuccinimide (1.08g, 5.25mmoi ( 

25 1.05 equlv.) In anhydrous pyridine (15ml), cooled to -35°C using an ethanol/dry-lce bath, was added dropwise 
a solution of dicyclohexylcarbodiimlde (DCC, 1.08g, 5,25mmol, 1.05 equiv.) and the mixture was allowed to 
warm up to room temperature overnight. TLC (System B) revealed a partial conversion to a new higher R f 
substance. To complete the reaction, the mixture was recooled to -35°C and a further 0.51g (0.5 equiv.) of 
DCC, and 0.29g (0.5 equiv.) of NHS were added. After a further 5 hours, the reaction was complete, excess 

30 DCC was quenched by addition of three or four drops of glacial acetic acid and the precipitated 
dlcyclohexylurea removed by filtration. The filtrate was evaporated In vacuo , the residue co-evaporated with 
toluene (4 x 30ml), dissolved In chloroform (50ml), extracted with saturated sodium hydrogen carbonate (2 x 
40ml) and finally evaporated to dryness In vacuo to a colorless solid. The solid was co-evaporated a further two 
times with toluene to remove last traces of pyridine and finally, recrystallized from toluene to give colorless 

35 needles of the product. Yield 1.74g, 1000/o. M.p. 144-146°C. 'H NMR (DMSO-ds): 7.98 (d, J = 8hz, 1H), 7.63 (d, 
J = 7Hz, 1H), 6.99 (m, 2H), 6.29 (d, J = 7Hz, 1H), 4.17 (t. J-6Hz. 2H). 2.88 (t, J-6Hz, 2H), 2.83 (br s, 4H), 2.11 
(quintet, J « 6Hz, 2H) . The four proton singlet at 2.83 was characteristic of this compound being an NHS-ester, 
The activity of the N-hydroxysuccinlmlde ester was determined by a control experiment In which a 
5'-aminopropyl-T10 oligomer was labeled In solution as follows. The oligomer (5 optical density units) was 

40 dissolved In 0.2M MOPS buffer, pH 7.2, 0.5ml and 0.05 ml of a solution of the NHS-ester in DMF (3.9mg, In 
0.221ml DMF, 60 equiv.) was added. The mixture was incubated at 37°C for 22 hours when analysis on 
ion-exchange HPLC revealed an 810/0 conversion to the coumarin-labelled T10 oligomer. 

D. Preparation of 4-Methylcoumarin-7-oxybutyric Acid N-hydroxysucclnlmide Ester 

" 4-methylcoumarin-7-oxybutyric acid N-hydroxysuccinimide ester was prepared from 7-hydroxy-4-methyl- 
coumarln by a sequence of reactions analogous to those used to prepare coumarin-7-oxybutyric acid 
N-hydroxysucclnimide ester. 

Yield 380/o after recrystalllzation from toluene. M 176-180 P C. 1 H NMR (DMSO-de): 7.70 (d, J = 8hz, 1H),6.99 
(m. 2H), 6.21 (d, J = 2Hz, 1H) t 4.17 (t, J = 6Hz, 2H), 2.87 (t, J = 6Hz, 2H). 2.82 (s, 4H), 2.11 (t, J=-6Hz, 2H). Ri 
(System B) - 0.65. 

E. Pre paration of 7-Methoxycoumarln-6-Oxybutyrlc Acid N-hydroxysucclnimide Ester 
~~7-methoxycoumarin-6-oxybutyric acid N-hydroxysucclnimide ester was prepared In a two part reaction 
scheme described in Scheme 2. 

55 

Part 1. Preparation of 6-hydroxy-7-methoxycoumarin (Isoscopoletin). 

To a suspension of esculln monohydrate (5.0g, 13.95mmol) In acetonltrlle (150ml) containing methyl Iodide 
(3.0ml, 48.4mmol, 3.44 equlv.) was added TMG (3.22g, 28mmol). Upon heating to reflux temperature the 
gummy mixture dissolved to give a bright yellow solution, which slowly decolorized and crystals formed In the 

60 reaction mixture. After 3 hours the mixture was cooled to room temperature and the crystals collected by 
filtration, washed with acetonitrile 2 x 25ml) and air dried. Yield 3.81g. The reaction product was not 
characterized further but used directly in the next step. Thus, the reaction product (3.81g, 10.7mmol) was 
suspended in aqueous sulfuric acid (95:5 H2O/H2SO4. v/v, 60mls) and the mixture stirred and brought to 
reflux. After 20 minutes crystals started to form In the reaction mixture. After 1 hour at reflux, the mixture was 

65 cooled to room temperature, the crystals removed by filtration, washed with water (2 x 50ml) and finally air 
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dried The crystalline product was Identified as 6-hydroxy-7-methoxycoumarin. Yield: 1.87g (70%). M.p.: 
135-190°C (lit., 11 M.P. 185°C from 40«>/o acetic acid). UV spectrum (Methanol): Lambda max 232(s), 256(w). 
348(S). 

Part 2 Preparation of 6-hydroxy-7-methoxycoumarin N-hydroxysuccinimlde ester. 

7-Methoxycoumarln-6-oxybutyric acid N-hydroxysuccinlmide ester was prepared in accordance with the 
protocol set forth previously for coumarin-7-oxybutyric acid ester. First. 7-methoxycoumarin-6-oxybutyrlc acid 
ethyl ester was prepared from 6-hydroxy-7-methoxy-coumarln in a procedure analogous to the procedure set 
forth above In regard to coumarln-7-oxybutyric acid ethyl ester. The reaction P^d^^^f^^y 0 ^^ 8 ; 1 "; 
6-oxybutyrlc acid ethyl ester, was identified and had the following characteristics: 1 H NMR (DMSO-de): 7.93 
(d J = 9hz 1H) 7 25(s,1H),7.07(s,1H),6.29(d,J = 9Hz,1H) t 4.07(quartet.J«7Hz,2H),4.01 (t.J-6Hz,2H , 
3.869 (s, 3H), 2.50 (t, J = 6Hz, 2H), 1.99 (t, J-7Hz, 3H). UV (methanol) lambda max: 232(17 600), 96(5 800), 
344(11 700)nm. M.p. 93-95°C (double recrystallization from ethanol). Yield 85°/o. 

The reaction product, 7-methoxycoumarin-6-oxybutyrlc acid ethyl ester was reacted with acid to form the 
carboxyllc acid, 7-methoxycoumarin-6-oxybutyric acid, In a procedure analogous to the procedure set forth 
above In regard to coumarin-7-oxybutyrlc acid. The carboxyllc acid had the following characteristics: 'H NMR 
(DMSO-de): 7.93 (d, J=-9hz, 1H), 7.27 (s, 1H) t 7.07 (s, 1H), 6.29 (d, J «*9Hz, 1H). 4.00 <t, J-7Hz, 2H). 3.87 (s. 
3H) 240 (t J = 7Hz, 2H), 1.96 (quintet, J = 7Hz, 2H). M.p. 188-191°C. Yield 88O/0. 

The reaction product, 7-methoxy-coumarin-6-oxybutyric acid was reacted with N-hydroxysuccinimlde to 
form 7-methoxycoumarin 6-oxybutyric acid N-hydroxysuccinimlde ester in a manner analogous to the 
procedure to prepare coumarin-7-oxybutyric acid N-hydroxysuccinimide ester with the Important difference 
that the reaction solvent consisted of a 1 : 1 mixture of DMF and pyridine. The N-hydroxysuccinlmlde ester had 
the following characteristics: 'H NMR (DMSO-d 6 ): 7.93 (d, J = 9hz, 1H), 7.28 (s, 1H), 7.09 (s, 1H), 6.30 (d, 
J~9Hz 1H) 4.08 (t, J«=7Hz, 2H), 3.879 (s, 3H), 2.87 (t, J = 7Hz, 2H), 2.82 (s, 4H), 2.09 (quintet, J = 7Hz, 2H). 
M.p. 163-166° C (recrystallized from toluene with a hot filtration and then from ethyl acetate). Yield 47<Vo. 

F Preparation of 6- Methoxycoumarin-7-Oxybutyric Acid N-Hydroxysuccinlmide Ester 

The compo und 6-methoxy-coumarin-7-oxybutyrlc acid N-hydroxysuccinlmlde ester was prepared in a 
manner analogous with the preceding compound, the positional isomer, 7-methoxycoumarin-6-oxybutyric 
acid N-succlnimlde ester. The ethyl ester had the following characteristics: 1 H NMR (DMSO-de): 7.95 (d, 
J-9Hz 1H) 7 26 (s, 1H), 7.06 (s, 1H), 6.29 (d, J=9Hz, 1H), 4.09 (t, J -6Hz, 2H), 4.07 (quartet, J -6Hz, 2H), 
3.81 (s, 3H), 2.49 (t, J = 6Hz, 2H), 2.01 (quintet, J -6Hz, 2H), 1.19 (t, J = 6Hz, 3H). M.p. 92-96°C (recrystallized 

twice from ethanol). , „ . ^ . . », i u mud 

The compound, 6-methoxycoumarin-7-oxybutyric acid had the following characteristics: 'H NMR 
(DMSO-de)" 7 95 (d, J -9hz. 1H), 7.26 (s, 1H), 7.06 (s, 1H), 6.30 (d, J = 9Hz, 1H), 4.09 (t, J - 7Hz, 2H), 3.812 (s, 
3H), 2.40 (t, J = 7Hz, 2H), 1.97 (quintet, J = 7Hz. 2H). M.p. 182-186°C. u # , 

The compound 6-methoxycoumarin-7-oxybutyric acid N-hyrdoxysucclnlmide had the following characteris- 
tics' 1 H NMR (DMSO-de): 7.94 (d, J = 9Hz, 1H), 7.26 (s, 1H), 7.05 (s, 1H), 6.30 (d, J = 9Hz, 1H), 4.10 (t, J = 7Hz. 
1H) 3.81 (s, 3H), 2.82 (s, 4H), 2.40 (t, J = 7Hz, 2H), 1.98 (quintet, J = HZ, 2H). 

Q. Preparation of Co umarin-6-lsothlocyanate 

Coumarln-6-lsothlocyanat e was prepared in accordance with Scheme 3 above. First, coumarln was nitrated 
in accordance with the teaching of Delalande, Annalen, 45 p337 (1843), to form 6-nitrocoumarin. The 
6-nltrocoumarln was next reduced to 6-aminocoumarin. The 6-aminocoumarln was then reacted with 
thlophosgene to form coumarin-6-lsothiocyanate. 

In greater detail, coumarln (10g, 68mmol) was nitrated as described In the literature with an excess of fuming 
nitric acid overnight at room temperature to give 6-nitrocoumarin as the only major product. The 
6-nltrocoumarln exhibited the following characteristics: Yield 85%. *H NMR (DMSO-de): 8.74 (d, J-3Hz, 1H), 
8.42 (dd. J-3, 9Hz, 1H), 8.24 (d. J=10Hz. 1H), 7.63 (d, J = 9Hz, 1H), 6.70 (d, J = 10Hz, 1H) 

Next one portion of the 6-nltrocoumarin product (3.35g 17.54mmol) was added to a magnetically stirred 
mlture of iron powder (8.0g. excess) suspended In aqueous acetic acid (60ml, 1 :1 v/v). After several minutes 
an exothermic reaction ensued, which turned the reaction mixture bright yellow. The reaction was allowed to 
continue without cooling and a reflux condenser was used to control evaporation losses. After 10-15 minutes 
the reaction mixture was cooled to room temperature with an Ice bath and the mixture evaporated to a thick 
green slurry In vacuo . Taking appropriate precautions with the frothing nature of the reactants, saturated 
sodium hydrogen carbonate solution (200ml) was added to the residue and the product was extracted by 
thorough stirring into ethyl acetate (1 x 250ml, 1 x 100ml). The combined ethyl acetate extracts were 
evaporated to dryness to give a bright yellow powder 2.5g (890/0). Water (150ml) was added to the solid, the 

i> u» ♦„ r e fi..w ^^r^^pi W ac ariHaH thp mixture ranidlv filtered throuah a fluted filter paper 

and allowed to cool. The bright yellow needles of the product were collected, washed with water and dried over 
P2O5 overnight to produce a yield of 2.14g 6-aminocoumarln (M.p. 161-163°C). 

Other characteristics of the reaction product 6-amlnocoumarin are set forth below: *H NMR (DMSO-de): 
7 88 (d J = 9.5Hz. 1H), 7.10 (d, J-8.8Hz, 1H), 6.85 (d. J -8.8, 2.7Hz, 1H), 6.73 (d. J-2.7Hz ( 1H). 6.73 (d. 
J-27Hz 1H) 635 (d J -=9.5Hz, 1H), 5.25 (broad s, 2H). UV (Methanol) lambda Max: 246(w), 282(m), 370(w). 

To a stirred solution of 6-aminocoumarin (0.320g, 2.0mmol), triethylamlne (1.0ml, excess) and chloroform 
(15ml) was added dropwlse, over 5 minutes, thlophosgene (0.22ml, 2.4mmol). The reaction was finished after 
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the addition to the thlophosgene was complete. More chloroform (50ml) was added and the solution was 
extracted with saturated sodium hydrogen carbonate solution (2 x 50ml), followed by water (1 x 50ml), then 
evaporated to an orange solid. The solid was recrystalllzed from isopropanol, an finally from toluene (hot 
filtration, no charcoal) to remove a dark Insoluble residue. Pale yellow crystals Identified as coumarin-6-lsothio- 

cyanate (M.p. 189-191°C) were obtained. 

Other characteristics of the reaction product coumarln-6-isothiocyanate are as follows: *H NMR (CDCI3): 
7.64 (d, J-10HZ, 1H), 7.30-7.41 (m, 3H) t 6.49 (d, J=10Hz, 1H). UV (methanol): 226(31 700). 268(29 900), 
334(4 700)nm. TIR Spectrum (KBr disc): 3100, 2118(strong. N = C = S). 1724(strong, C = S). 1584, 1499, 1288, 
1188. 1120, 888, 822 cm' 1 . 



H. Preparation of Coumarln-5-oxybutyric Acid N-Hydroxysuccinlmlde Ester 

Coumarin-5-oxybutyrlc Acid N-hydroxysucclnlmlde Ester was prepared in accordance with Scheme 5 
above. 2,6-dlmethoxybenzaldehyde was reacted with methyl diethyl phosphonoacetate and n-butyllithlum to 
form 2,6-dimethoxycinnamic acid methyl ester. The methyl ester was reacted with boron trlbromlde to form 
15 5-hydroxycoumarln. 5-hydroxycoumarin was reacted with acid to form coumarin-5-oxybutyric acid. The acid 
was reacted with N-hydroxy-succinimlde to form the N-hydroxysucclnimide ester. 

In greater detail, a cooled, (-78° C) magnetically stirred solution of methyl diethyl phosphonoacetate (6.3g) 
30 mmol) In anhydrous tetrahydrofuran (50 ml) was added, in portions over 20 minutes, a solution of 
n-butylllthium In hexane (20 ml of a 1.3M solution). To the resultant pale-yellow solution was added dropwise a 
20 solution of 2,6-dlmethoxybenzaldehyde (4.98g, 30 mmol) In tetrahydrofuran (40 ml). The reaction mixture was 
allowed to warm to room temperature overnight when TLC revealed the formation of one new major product. 
The reaction was quenched by the addition of 2M aqueous acetic acid (50 ml), diethyl ether (200 ml) was 
added, followed by water (200 ml). The organic phase was separated and extracted with saturated sodium 
hydrogen carbonate solution (200 ml), dried (MgSCU) and evaporated to give a thick oil (5.2g) which did not 
25 crystallize. 

The reaction product was further Identified as 2,6 dimethoxycinnamlc acid methyl ester. 1 H NMR (CDCI3): 
8.14 (d. J = 16.1HZ, 1 H), 7.26 (t, J - 8.4Hz, 1 H), 6.89 (d, J = 16.2Hz, 1H), 6.55 (d, J - 8.4Hz, 2H). 3.88 (s, 6H), 3.80 
(S. 3H). 

To a cold (-30° C) solution of 2,6-dimethoxycinnamic acid methyl ester (5.2g, 23.4 mmol, prepared as 
30 described above), In chloroform (250 ml), was added boron tribromlde (80 ml of a 1M solution In methylene 
chloride). The mix ture was allowed to stir under anhydrous conditions was poured Into saturated aqueous 
sodium hydrogen carbonate solution (400 ml). [Caution Frothing] The organic phase was diluted with ethyl 
acetate (250 ml), the mixture was transferred to a separating funnel and extracted thoroughly. The organic 
phase was Isolated, dried (MgSo4> and evaporated In vacuo to give a dark red oil which did not crystallize. The 
35 oil was purified further by chromatography on silica gel to give 5-hydroxycoumarin (3.4g, 890/o). as a 
pale-yellow crystalline powder. M.p. 226-229 °C (Das Gupta et al. J, Chem. Soc. (C), 29, 1969 give m.p. 224-225 
^C) 1 H NMR (DMSO-de): 8.11 (dd, J = 9,6,0.6Hz, 1H), 7.40 (t, J-8.4HZ, 1H), 6.78 (m, 2H). 6.34 (d, J = 9.6Hz, 
1H). 

5-Hydroxycoumarin was converted to coumarin-5-oxybu tyric acid N-hydroxysuccinimide ester by the three 
40 step procedure described for the Isomeric 7-hydroxycoumarin. 

Coumarin-5-oxybutyric acid N-hydroxysuccinlmide ester was obtained as an oil that did not crystallize. 1 
H/NMR (DMSO-ds): 8.19 (dd, J = 9.6,0.6Hz, 1H), 7.55 (t, J = 8.4Hz, 1H), 6.97 (d, J = 8.4Hz, 1H), 6.93 (dd, 
J = 8.4,0.6Hz, 1H). 6.39 (d, J«9.6Hz, 1H), 4.21 (t, J-6.6Hz, 2H), 2.96 (t, J-7.2Hz, 2H) ( 2.82 (s, 4H), 2.17 (g, 
J = 7.2Hz, 2H). 



Example 2 - DNA Synthesis 



All chemically synthesized DNA was prepared on an Applied Biosystems 370B Synthesizer using reagents 
50 and phosphoramidltes supplied by the manufacturer. The crude synthetic DNA was purified on a reverse 
phase column using a Pharmacia fast protein liquid chromatography (FPLC) system, using a liquid 
chromatography controller LCC-500, pump P-500, single path monitor UV-1 and fraction collector FRAC-100. 
The crude, detrilylated DNA obtained from the Synthesizer (80-100 OD units), dissolved In water (0.5 ml) was 
purified on a PEP RPC C18 column eluted with 10 mmol triethylammonium acetate which was supplemented 
55 (0.75-1 .000/0 per mln.) with 10 mmol triethylammonium ace tate - acetonitrile (1:1, v/v). The eluent was pumped 
at a rate of 1 ml/min. and 2 ml fractions were collected. The appropriate fractions were pooled and evaporated 
to dryness using a Savant centrifugal vacuum concentrator and the sample homogeneity analyzed by HPLC on 
a Hewlett-Packard 1090 liquid chromatogram using a C-4 column eluted with 0.1 M triethylammonium acetate, 
pH 7.24, supplemented (O.50/0 per min.), with acetonitrile. The yield of recovered DNA was typically around 
60 500/0. 

A 30-mer sequence of the enterotoxln gene of E. Coll was chosen as target. The target sequence is set forth 
below: 

Target- 5' TTQ QTG ATC CGG TGG GAA ACC TGC TAA TCT 3' was synthesized chemically. A first and a 
second probe were also synthesized chemically having base sequences as set forth below: 
65 Probe 1 - 5'GGA TCA CCA A 3' 



20 



EP 0 324 616 A2 



Probe 2 - 5'AGA TTA GCA GGT TTC CCA CC 3'. 

The first probe was 5'end-labeled with one of the coumarin derivatives and 3' end labeled with 32 P. The 
second probe was 3'end-labeled with one of the coumarin derivatives. The first and the second probe are 
capable of binding to contiguous portions of the target molecule. 

In greater detail, the first probe was prepared by initially synthesizing a 9-mer oligomer (minus the 3'termlnal 5 
base In the above sequence) which was 5'end-labeled with (3-(N-trifluoroacetylamlnopropyl)) methyl-N,N- 
dllsopropyl phosphoramldlte (TFAAMDIIPP). The following protocol is typical, beginning with the synthesis of 
the phosphoramldlte. 

To a dry 100 ml three-neck round bottom flask equipped with stir bar and reflux condenser was added 
anhydrous methanol (10 ml) and ethyl trlfluoroacetate (12.5 g, 0.17 mol). The resulting mixture was stirred at 10 
room temperature and 3-amino-1-propanol (12.5 g, 0.17 mol) was added slowly. The reaction mixture started 
to boll shortly after the addition of 3-amlno-1-propanol. After 18 hours the mixture was evaporated under 
reduced pressure to yield a clear viscous oil. The product was purified by vacuum distillation. Yield =» 24.0 g, 
850/0 (BP - 85°-86°C 0.25 mm Hg). 

A dry 200 ml three-neck round bottom flask was equipped with a magnetic stir bar, sealed with rubber septa 15 
and purged with dry nitrogen. To the flask was added 3-(N-trifluoroacetylamino)-1-propanol (6.06 g, 35 mmol), 
dllsopropylethylamlne (36.1 g, 280 mmol) 50 ml and dry THF (30 ml). The mixture was stirred and cooled to 0°C. 
A solution of dilsopropyl methyl phosphonamidic chloride (5.5 g, 28 mmol) in tetrahydrofuran (50 ml) was then 
added dropwise to the cooled reaction mixture. After a few minutes, a white precipitate was observed. Stirring 
was continued for a total of 1 .5 hours after which time the hydrochloride salt was removed by vacuum filtration 20 
and the mixture was washed with 5% NaHC0 3 (3 x 50 ml). The organic layer was collected, dried over sodium 
sulfate, filtered and then evaporated under reduced pressure. The resulting product was dissolved in a mixture 
of ethyl acetate/trlethylamlne 9/1 v/v (10 ml) and applied to a column of silica gel (1-1/2" x 8 ). The column was 
eluted with the same solvent mixture. Fractions (30 ml) were collected. Those fractions (8-13) which contained 
the desired product were pooled, transferred to a separator/ funnel and washed with 5<Vo NaCOa (2 x 100 ml). 25 
The organic portion was then dried over sodium sulfate and evaporated to yield a slightly yellow colored oil 
which was co-evaporated with toluene (2x10 ml) to yield 9.25 g of purified product (55%). The product was 
Identified as (3-(N-trifluoroacetylamlnopropyl)) methyl-N,N-dlisopropyl phosphoramldlte. 

A standard Applied Blosystems DNA synthesis protocol was used on an Applied Biosystems 3708 DNA 
synthesis machine. The synthesis protocol included the standard acid deblocking, phosphorylation, capping 30 
and oxidation steps. Once the desired probe nucleic acid sequence was synthesized, one additional cycle was 
completed in which the new phosphoramidite, (3-(N-trifluoroacetylamlnopropyl)) methyl-N,N-dllsopropyl 
phosphoramldlte was used in order to add the protected aminopropyl group to the 5' end of the protected 
oligonucleotide chain. The resulting oligonucleotide was recovered after deblocking with thlophenol and/or 
ammonium hydroxide according to the usual procedures supplied by Applied Biosystems, Inc. Purification was 35 
typically accomplished by HPLC using a C-4 or C-18 column eluted with a gradient of acetonitrile/0.1 M 
trlethylammonlum acetate. 

The second probe, Initially synthesized at a 19-mer oligomer (minus the 3' terminal base in the above 
sequence), was end labeled at the 3' terminus by the enzymatic addition of N 4 -aminopropy1-dldeoxycytidine- 
5'-trlphosphate. The following Is a typical synthesis of N 4 -aminopropyl-dideoxycytldlne-5'-trlphosphate. 40 

A bisulfite reaction mixture containing 1,3'-propanediamine (0.740 g, 10.0 mmol) In water adjusted to pH 
7.08-7.12 by the addition of solid sodium metabisulfite (ca. 2.35 g are required) and the final volume adjusted to 
10 ml was prepared. 2',3'-deoxycytidlne-5'-triphosphate (100 mg) was added to 10 ml of the bisulfite reaction 
solution and the mixture was incubated at 37° C for 60 hours In a tightly sealed vessel. The pH of the reaction 
solution was maintained at pH 7.1 by addition of small amounts of sodium metabisulfite. The progress of the 45 
reaction was monitored by high pressure liquid chromotography (HPLC). To isolate the product, the reaction 
mixture was diluted to a volume of 2.75 liters with delonlzed water and applied to a column of DEAE Sephadex 
A-25 (2.6 x 68/60 cm). Elution with a linear gradient of triethyiammonlum bicarbonate buffer (pH 7.8, 0.05 -- 0.6 
M) and subsequent lyophlllzatlon of the appropriate fractions yielded N 4 -(3-amlnopropyl)-2'3'-dldeoxycy- 
tldlne-5-trlphosphate. The solid was homogeneous by HPLC (RT = 20.02 min., RT(ddCTP) = 21.08) ahd 50 
characterized by UV lambda max. (H 2 0 = 272.5 nm). 

The amine labeled 20-mer probe was prepared by first synthesizing a 19-mer oligomer that was completed 
by addition of the N 4 -amlnopropyl-dideoxycytidine-5'-triphosphate (APddCTP) using terminal deoxynucleoti- 
dyl transferase (TdT). Typically, 0.85 O.D. units of 19-mer probe was first dissolved In 204 jxt of sterile 
water. S.OuJ of 10mM APddCTP was then added, followed by 48 uJ of 1 M potassium cacodylate, 40 uJ of 10mM 55 
CoCi2, 80 uJ of 500u,g/ml bovine serum albumin, and 16 uJ of 15 mM dithiothreltoi. The reaction mixture was 
warmed to 37°C for 10 minutes and then to this was added 1050 units of TdT enzyme obtained from 

OUperteChS (tsetneSOa, iviU/. irl6 BriZymanC tdiituy ico^uum v»aa airu**cu iw ^iwoLUm ivi ">w ■■^w»o a* w. . 

enzyme was Inactivated by heating at 65° C for 10 minutes. The tailed probe (now a 20-mer) was then put onto 
a NAP-10 column (Pharmacia, Piscataway, N.J.) and eluted with water to remove all buffer components. The 60 
probe, which was recovered In approximately 1 .25 ml of water, was then dried in a speed vacuum concentrator 
(Savant, Farmlngdale, N.Y.). 

Separation of the labeled coumarin probe from the unlabeled probe was performed on a Fast Protein Llqujd 
Chromatograph (FPLC) from Pharmacia (Piscataway, N.J.). The coumarin probes were loaded onto a reverse 
phase (15uxn) column and eluted with an acetonitrile gradient of 0.75%/min. at 2.0 ml/mln. Since both the 65 
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acetonltrlie and the other component of the FPLC buffer system (TEA-acetate pH = 7.0) were volatile, the 
recovered probes were dried with no residue remaining. Typically, 50 to 70% of the (n)ected probe was 
recovered. 

5 Pre paration of 3 f -Radloactlve Tailed Coumarln Probes 

Radioactive 10-mer probe was prepared by the enzymatic addition of dideoxyadenaslne-5'-trlphosphate- 
[a 32 P] ddATP-[a 32 P]) to the 3'-end of the 9-mer coumarin-labeled probe. A typical reaction consisted of 
dissolving less than one unit of probe in 175 ul of sterile water. 250 jjlCL of ddATP-[ 32 P), obtained from 
Amersham (Arlington Heights, IL) was then added followed by 48|x1 of 1 M potassium cacodyllc acid (pH =7), 

W 40 til of 10 mM CoCI 2l 80 u.l of 500 ng/ml bovine serum albumin, and 16 ul of 15 mM dithlothreitol. After 
warming to 37°C for 10 minutes, 300 units of TdT was added. The tailing reaction mixture was Incubated at 
37 n C for 2 hours and then stopped by heating to 65° for 10 minutes. The probe was then purified by applying 
the reaction mixture to a NAP-10 column and eluting with water. The resultant radioactive 10-mer was then 
dried in the speed vacuum concentrator and stored at -20° C. The tritium labeled probes were prepared by the 

15 same procedure sustitutlng ATP-[ 3 H], obtained from New England Nuclear (Boston, MA) for the ddATP-[ 32 P). 

Preparation Of 5 f Radioactive DNA 

30-mer target DNA and 20-mer probes were radioactively labeled on the 5' end by the same kinase reaction. 
Approximately 0.25 units of DNA were dissolved In of sterile water. To this was added 4 nl of 5X forward 

20 reaction buffer (0.25 M trls:HCI (pH 7:6), 50 mM MgCI 2 , 25 mM dithlothreitol, 1mM EDTA), 6 *tl ATP-[y- 32 P], 
obtained from New England Nuclear, and 5 uJ (50 units) T* kinase. The reaction was Incubated at 37°C. After 
three hours the reaction was stopped by adding 80 \i\ of 1X SDS buffer (0.5% sodium dodecylsulfate, 5NM 
EDTA, 0.1M NaCI, 10mM TRIS, pH 7.4) The reaction mixture was then extracted twice with phenol/chloroform 
and once with chloroform. The aqueous portion was the purified over a prepacked G-25 column (5'to 3' Inc., 

25 Paoli, PA.). 

The first and second probes all having reactive amine functional groups were reacted with N-hydroxysuc- 
cinimide esters of the coumarln derivatives. The following protocol is typical. In a standard conical plastic tube, 
about 10 nmole DNA were combined with an excess of 1200 nmoles of the N-hydroxysuccinlmlde ester 
coumarln derivative in 0.1 M 3-(N-morphollno) propanesulfonic acid (MOPS) buffer (pH 7.2) at 37°C. The 
30 reaction mixture was allowed to incubate for 16-36 hours. 

Example 3 - Hybridization and Laser Irradiation 

In a typical photollgatlon procedure, the probe and target DNA were dissolved in 100 mM NaCI, 10 mM 
NaH 2 P04 buffer, pH => 7.2. Solutions containing probes and target were diluted using the same buffer. The 

35 ligation solution consisted of both coumarin-labeled probes and the 30-mer target. Before Irradiation the 
solution was heated to 65° C for five minutes in a water bath, to denature the probes and target, and then 
allowed to cool to room temperature over a 45 minute to 1 hour period, The solution was then transferred to a 
water bath at 5 C C where it remained for 10 minutes. 

A 100 pi portion of the solution containing hybridized probes and target was then transferred to a semimicro 

40 cuvette masked on two sides with a path length of 1,0 cm (Helma Cells Inc., Jamaica, N.Y.). The cuvette was 
secured in a thermojacketed cell holder aligned in the beam path of the exciting source, and prequlllbrated to 
5-C. The cell holder was located within a sample compart ment which was purged with nitrogen to prevent 
condensation of moisture on the cuvette walls. The excitation sources used for ligation were either a 
contlnuoius beam Helium-Cadmium laser (Llconlx, Sunnyvale, CA) or a pulsed beam Nitrogen laser (EQ&Q 

45 Model 2100, Princeton, NJ). The power of the He-Cd laser Incident on the cell was 7.0 mW and the Incident 
energy of the N 2 laser wa9 0.2 mJ/pulse. The pulse rate for the Nitrogen laser was set at 10 Hz. 

Also, irradiations have been performed using a 200 W Mercury arc lamp (Ushio Model OSH-ZOODP, Japan) 
filtered with two Corning No. 0-54 Filters to remove light below 300nm. 
The dissolved oxygen in each sample was removed prior to irradiation by supplying an argon gas flow at 0.2 

50 standard cubic feet per hour into the cuvette. Degassing was conducted for 6 minutes prior to Irradiation as 
well as during Irradiation. Irradiation periods lasted from 1 to 1000 seconds on the Helium-Cadmium Ia9er or 
from 14 to 14,000 pulses when using the Nitrogen laser at 10 Hz pulse rate. 

A portion of the irradiated sample was placed in the speed vacuum concentrator and dried. The dried 
sample was then redissolved In a 80:20 formamide:water solution and loaded onto a 20% polyacrylamlde, 5<Vo 

55 bisacrylamlde, 7 M urea denaturing gel. The samples were subject to electrophoresis for 1 .5 hours at 50°C and 
500 volts. X-ray film was then placed against the gel and exposed for one hour before developing. The film was 
then carefully placed back against the gel In the original position and the regions of the gel containing 
radioactivity excised. In order to remove the DNA from the gel prior to measurement of the radioactivity the gel 
slices were mixed with 2 ml of 0.1M TRIS, 0.1M boric acid, 0.2mM EDTA buffer at pH 7.2, and cut into small 

60 pieces. The gel pieces were then allowed to extract overnight. The mixture was filtered the next day through a 
0.45 \i acrodlsc (Gelman, Ann Arbor Ml) and the filtrate added to 10 ml of Scintiverse II Scintillation cocktail 
(Fisher, Fairlaum, NJ). This was then counted on a Beckman LS8100 scintillation counter. Following 1 second 
of Irradiation only the 32 P 10-mer could be detected on the gel, but on continuation of the experiment to 10. 
100 and 1000 seconds two new radioactive bands appeared, the major of which, by comparison with molecular 

65 weight standards, Is approximately a 30-mer and the minor approximately a 40-mer. 
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These data suggest that the 30-mer was formed by photollgation of the two probes and the 40-mer was 
formed, as a side reaction, by photo-crossllnklng of the 10-mer to the 30-mer target. The yield of photollgate 
(obtained by excising the DNA bands from the autoradiogram and scintil lation counting) was around 30<Vo 
based on conversion of 32 P-10-mer. 

In the absence of target, none of the 30-mer species could be detected by polyacrylamlde gel 
electrophorosls (PAGE), providing evidence of a template directed photoligatlon. Similarly, a probe 
photoreactlon product could not be detected when a 30-mer sequence containing a 40°/o mismatch of base 
pairs relative to both 10-mer and 20-mer probes was substituted for the complimentary target. Similarly, a 
probe photoreactlon product could not be detected when 32 P 10-mer and target, but no 20-mer was present. 
Similarly, a probe photoreactlon product could not be detected when 32 P 10-mer, target and non-coumarln 
labeled 20-mer was present, I.e., one of the coumarins was missing. And, a probe photoreaction product could 
not be detected when neither 10-mer or 20-mer were coumarln labeled (10-mer was 3Z P labeled) and target 
was present. 

When the target 30-mer was labeled with 32 P, and both 10-mer and 20-mer contained coumarln, the 30-mer 
probe photoreaction product could not be detected by autoradiography (but was present). These data 
suggest that the target was not Involved in the formation of the 30-mer photoligate band. 

In a further procedure, the second 20-mer probe was labeled with 32 P instead of the first 10-mer probe. 
Following hybridization to the target, photoactlvation of the coumarln derivatives and PAGE separation of the 
constituents of the sample, the probe photoreactant band was excised and monitored. The probe 30-mer 
photoreactlon product band appeared as usual. 

In a still further procedure, the first 10-mer probe was labeled with 32 P and the second 20-mer probe was 
labeled with 3 H. Following hybridization to the target, photoactlvation of the coumarln derivatives, and PAGE 
separation of the constituents of the sample, the probe photoreactant band of the gel was excised and 
monitored. Multi-channel scintillation counting Indicated that both radioisotopes were Incorporated Into the 
30-mer band. 

In a further procedure, the photoreactant band was excised from the gel and subjected to Maxim and Gilbert 
sequencing techniques. Sequencing confirmed the presence of the 10-mer and 20-mer probes In the order 
anticipated for a probe reaction product. 

Embodiments of the present invention are well suited for amplification techniques in which more than one 
signal per target molecule is generated. Thus, a single target molecule may be the template for additional first 
and second probes forming multiple probe reaction products after photoactlvation. Thus, by denaturatlon, and 
renaturatlon and photoactivatlon cycles, more than one probe reaction product may be generated from a 
single target molecule. 

In a further procedure, a tenfold excess of probe to target DNA was employed and denaturatlon and 
renaturatlon cycles were employed between two Irradiation periods. The denaturatlon was believed to be 
necessary In order to dissociate the product of the first photollgation from the target DNA in order to allow a 
new pair of probes to hybridize with the target. The new probes were then to be photoligated during the 
second irradiation period. By this procedure, a maximum of two ligated probes would be produced after 
Irradiation following the first denaturatlon renaturatlon cycle. Since approximately 30% ligation efficiency was 
observed In previous experiments, 0.6 ligations per target were expected after two irradiation periods. 
Surprisingly and unexpectedly, analysis of the photo products show that three probe ligations have been 
achieved per target molecule. Even more surprising was the fact that the same amount of photollgation had 
occurred In a control experiment in which the denaturation renaturatlon step was omitted entirely. No 
photoligation was observed in the absence of target DNA and a single 23 minute Irradiation was found to be 
sufficient for the maximum effect. 

Apparently, the probe reaction product dehybrldlzes or is displaced from the target DNA by the excess 
probe or by local thermal effects or by steric effects without the need for physically changing the gross sample 
conditions. Data for amplification experiments, using 7-methoxy-coumarin-6-oxybutyrlc acid N-hydroxysuc- 
clnlmlde ester, Is presented below In Table 1. 
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TABLE I 



10 



Reactants 
[ probes ) [ target J 
( each ) 



1 
1 
1 
1 
1 



pM 
pM 
MM 
MM 



10 MM 



1 |JM 
0.1 MM 
0.01 MM 
1 nM 
0 
0 



Photoproducts 

f 10mer-20mer ] [ 10mer-2 0m er 1 [ targe t-lOmer ] 



0.48 
0.32 
0.26 
37 
3.6 
0.37 



MM 

MM 

MM 

nM 

nM 

pM 



[ tarcet ] 



0.48 
3.2 

26 
37 



; target , 



0.11 
0.69 
4.9 
6 . 5 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



60 



Using one micro molar probe, samples containing 10 and 1 nanomol target provided llgated probes at levels 
approximately 30 fold greater than the level of target DNA present In the samples. One factor which may limit 
the amount of amplification appears to be the amount of side reactions which cross-link the probe to target 
DNA thereby destroying the catalytic properties of the target. At 0.1 micromolar target, the target Is nearly 
completely consumed by the end of the experiment. In the 10 and 1 nanomolar target assays more cross-Hnk 
target was found than possible. The amount of radioactivity collected from polyacrylamlde gels Is low for these 
samples and their values are therefore sensitive to contaminations from the high levels of radioactivity In other 
regions of the gel. 

Selecting photoreactlve functional groups may limit the undesirable cross-linking reaction. Various 
coumarln derivatives were applied to photoreaction protocols to determine the number of cross-linked and 
probe reaction products. The results are summarized in Table II for coumarln 7-oxybutyrlc acid 
N-hydroxysuccinlmfde ester, coumarln-5-oxybutyric acid N-hydroxysucclnimide esters, 4-methylcoumarln- 
7-oxybutyric acid N-hydroxysuccinimlde ester, 7-methoxycoumarin-6-oxybutyric acid N-hydroxysucclnlmide 
ester, and coumarln-6-lsothiocyanate labeled probes. 



Coumarln 
Derivative 



TABLE II 

Equimolar Probes and Target (1u,M) 10-Fold Excess Probes (1uJv1 Probes) 





o/o Ligated 


o/o 10-mer cross 


o/o Llgated 


o/o 10-mer cross 




linked 




linked 


coumarin-7-oxybu- 


24,(61***) 


5.6,(19***) 


22,(12***) 


5.2,(3.5***) 


tyric acid* 








3.6 


4-methylcoumarln 


12 


6.3 


6.3 


7-oxybutyric acid* 










Coumarln 


78 


0.97 


14.6 




5-oxybutyrlc acid* 




5.1 






Coumarin-6-lso- 


15 






thiocyanate 






6.1 


0.91 


6-methoxycou- 


21 


2.0 


marin-7-oxybutyrlc 










acid* 










7-methoxycou- 


10,(17**) 


1.7,(1.3**) 


2.3 


0.37 


marin-6-oxybutyric 










acid* 











(-Indicates no reading) 
'N-hydroxysucclnlmide ester. 

**Data obtained by doubling the Irradiation from 2.8 J to 5.6 J. 

Represents preliminary data, later data has consistently shown higher crosslinklng values. 
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These data suggest that the composition coumarin-5-oxybutyrlc acid N-hydroxysuccinimlde ester produces 
little cross-linked side reaction products of probe to target and may be advantageous In producing additional 
probe reaction products from a single target molecule. 

Embodiments of the present application feature amplification methods wherein more than one probe 
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reaction product molecules are created from a single target template. Preferred embodiments allow 
amplification without physically changing gross sample conditions, for example raising and lowering 
temperature, altering pH, altering salt strength, which would greatly rncrease the amount of time required for 
producing larger quantities of signal. 

Embodiments of the present Invention are well suited for clinical applications wherein an assay must be 
completed within a limited time frame. Thus, while preferred embodiments of the present invention have been 
described, the present Invention Is capable of variation and modification and, therefore, the invention should 
not be limited to the precise detail set forth, but should Include such changes and alterations that fall within the 
purview of the following claims. 



Claims 



1. A method for ligating ligands which bind to a common target comprising the steps Of: 

(a) contacting a target with a first tlgand and a second ligand, wherein at least one of the first and 
second ligands has a reactive functional group capable of forming a covalent bond between the first 
ligand and the second ligand upon activation when the first and second ligands are placed In a 
reactive position, and said first ligand and second ligand are capable of simultaneously binding to the 
target in a reactive position to form a target first-second ligand complex; 

(b) activating the reactive functional group to form a covalent bond between the first and second 
ligands while the first and second ligands are In a reactive position. 

2. The method of Claim 1 wherein said ligands are substantially contiguous In the reactive position. 

3. The method of Claim 1 wherein said first ligand and said second ligand are polynucleotide strands 
capable of binding to a target polynucleotide. 

4. The method of Claim 2 wherein said reactive functional group Includes at least one photoreactlve 

group. 

5. The method of Claim 2 wherein said first ligand Includes a photoreactive functional group and said 
second ligand Includes a photoreactive group, said photoreactive groups capable of Interacting to form a 
covalent bond between said first and said second ligands. 

6. The method of Claim 3 wherein said first ligand and said second ligand are polynucleotide strands 
and said first ligand includes a photoreactive group and said second ligand Includes a photoreactive 
group, said photoreactive groups located at the 3' and 5' termini respectively. 

7. The method of Claim 5 wherein said photoreactive functional group undergoes photochemical 
reactions upon excitation with photons having a wavelength of approximately between 300 nm and 380 
nm Inclusive, 

8. The method of Claim 5 wherein said photoreactive functional group has an extinction coefficient 
greater than 1,000 mole " 1 • 1 - cm" 1 to permit excitation to reactive energy levels. 

9. The method of Claim 1 wherein said photoreactive functional group Is selected from the group of 
photoreactive functional groups consisting of coumarins, psoralens, anthracenes, pyrenes, carotenes, 
tropones, chromones, qulnones, malelc anhydride, alkyi malelmide, olefins, ketones, azides, polyoleflns 
characterized by conjugated double bonds and ketone functionality and derivatives thereof. 

10. The method of Claim 9 wherein said photoreactive functional group Is a coumarln derivative. 

11 . The method of claim 10 wherein said coumarrn is characterized by the following features: 




wherein, R groups 1 through 6 are selected from the group consisting of -H, -CH3, -CH2CI, -Ch^Br, 'CH2I 

-CH2F, -CHC(2, -CnBr2, -UHI2, -onr2, -urnun, -oH2uoh3. -\jn2"**z, -n 0 , Owm, w^w..*, 
-COOCH2CH3, -NH 2 -NO2, -CBr 3 , -Cb' -CF 3 , -CCI3. -CH(CH 3 ) 2 , -C(CH 3 ) 3 . -CI. -Br, -I, -F, and 
-O(CH2) n CH3(n«0 to 10) wherein one of the R groups Includes a functionality for linking to a 
polynucleotide. 

12. The method of claim 9 wherein said psoralen is characterized by the following features : 
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10 



wherein, R groups 1 through 6 are selected from the group consisting of -H, -CH3, -CH2CI, -CH2Br, -CHgl, 
-CH 2 F ( -CHCI2, -CHBr 2 , -CHI 2) -CHF 2 , -CH2OH, -CH 2 OCH 3 . -CH 2 NH 2 , -N 3t COOH, -COOCH 3 , 
15 -COOCH2CH3, -NH 2l -NO2, -CBr 3 , -Cl 3 , -CF 3t -CCI 3 , -CH(CH 3 )2, -C(CH 3 ) 3 , -CI, -Br, -I, -F, and 

-O(CH2) n CH3(n = 0 to 10) wherein one of the R groups Includes a functionality for linking to a 
polynucleotide. 

13. A method for assaying a sample for target molecules comprising: 

(a) contacting a sample under binding conditions with a first probe and a second probe, said first 
20 probe and said second probe having at least one photoreactive functional group capable of 

covalently binding said first probe and said second probe upon activation when said first probe and 
second probe are placed In a reactive orientation to form a probe reaction product, said first and said 
second probe capable of binding to said target molecule in a reactive position to form a target 
first-second probe complex; 

25 (b) subjecting said sample In the presence of said first probe and said second probe to radiant 

energy to form said probe reaction product; and 
(c) monitoring of said sample for presence of the probe reaction product. 

14. The method of Claim 13 wherein said first probe and said second probe are polynucleotide strands 
capable of binding to a target molecule. 

30 15. The method of Claim 13 wherein said first probe includes a photoreactive functional group and said 

second probe includes a photoreactive functional group, said photoreactive functional groups capable of 
Interacting to form a covalent bond between the first and second probes. 

16. The method of Claim 5 wherein said first probe and said second probe are polynucleotide strands 
and said photoreactive functional group of said first probe and said photoreactive molecule of said 

35 second probe are located at the 3' and 5' termini respectively. 

17. The method of Claim 15 wherein said photoreactive functional group undergoes photochemical 
reactions upon excitation with photons having a wavelength of approximately between 300 nM and 380 
nM inclusive. 

18. The method of Claim 15 wherein said photoreactive functional group has an extinction coefficient 
40 greater than 1 ,000 mole _1 • 1 • cm" 1 to permit excitation to reactive energy levels. 

19. The method of Claim 15 wherein said photoreactive functional group is selected from the group of 
photoreactive functional groups consisting of coumarlns, psoralens, anthracenes, pyrenes, carotenes, 
tropones, chromones, quinones, maleic anhydride, alkyl malelmide, olefins, ketones, azldes, polyolefins 
characterized by conjugated double bonds and ketone functionality and derivatives thereof. 

45 20. The method of Claim 19 wherein said photoreactive functional group Is a coumarln derivative. 

21 . The method of Claim 20 wherein said coumarln Is characterized by the following features: 
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60 wherein, R groups 1 through 6 are selected from the group consisting of -H, -CH 3 , -CH2CI, -Ch^Br, -CH2I, 

-CH 2 F, -CHCI2, -CHBr 2 . -CHI2, -CHF 2 , -CH 2 OH, -CH 2 OCH 3 , -CH2NH2, -N 3 ,-COOH, -COOCH 3 ' 
-COOCH2CH3, -NH 2 , -N0 2 , -CBr 3 , -CI3, -CF 3) -CCI 3 , -CH(CH 3 ) 2 , -C(CH 3 ) 3 , -CI, -Br. -I, -F f and 
-O(CH2) n CH 3 (n = 0 to 10) wherein one of the R groups includes a functionality for linking to a 
polynucleotide. 

65 22. The method of claim 20 wherein said psoralen Is characterized by the following features: 
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wherein R groups 1 through 6 are selected from the group consisting of -H, -CH 3t -CH 2 CI, -CH 2 Br, -CH 2 t, 
-CH 2 F -CHCI2. -CHBr 2 , -CHI 2 , -CHF 2( -CH 2 OH, -CH 2 OCH 3) -CH a NH a . -N 3 ,-COOH, -COOCH 3 
-COOCH 2 CH 3l -NH 2 , -N0 2 . -CBr 3 , -Cl 3 . -CF 3 , -CCI 3 . -CH(CH 3 ) 2 , -C(CH 3 ) 3 , -CI. -Br - -F and 
-O(CH 2 )nCH 3 (n-0 to 10) wherein one of the R groups includes a functionality for linking to a 

polynucleotide. , . . . tU 

23 The method of Claim 15 wherein said photoreactive functional group is selected from the group 
consisting of coumarin-7-oxybutyrlc acid N-hydroxysucclnimide ester, 4-methylcoumarin-7-oxybutyrlc 
acid N-hydroxysuccinlmide ester, 7-methoxycoumarin-6-oxybutyric acid N-hydroxysucclnimide ester. 
coumarln-5-oxybutyrlc acid N-hydroxysuccinimlde ester. 6-methoxycoumarln-7-oxybutyric acid N-hydox- 
ysuccintmlde ester, and coumarln-6-lsothiocyanate. 

24 The method of Claim 15 including the additional step of removing said probe reaction product from 
said target allowing a further first probe and second probe to assume a reactive position on said target, 
subjecting'sald further first probe and second probe to radiant. energy to form a further probe reaction 

P 25 d The method of Claim 1 3 wherein a second set of probes are brought into binding conditions with said 
probe reaction product, said second set of probes includes a third probe and a fourth probe capable of 
assuming a reactive position bound to said probe reaction product, said third probe and said fourth probe 
including at least one photoreactive functional group capable of covalently binding said third and fourth 
probes together to form a second probe reaction product when said photoreactive functional group is 
activated and said third and fourth probes are in a reactive position, and at least one of said third and 
fourth probes includes a label moiety capable of detection. 
26. The method of Claim 25 wherein said first probe and said second probe are capable of assuming a 
reactive position on said second probe reaction product. 

27 An apparatus for ligating llgands comprising: a containment vessel for receiving a receptor and a first 
liqand and a second llgand. said first and second ligands having at least one reactive functional group 
capable of forming a covalent bond between said first ligand and said second llgand upon activation when 
said first and second ligands are placed in a reactive position, said first llgand and said second ligand 
capable of simultaneously binding to the receptor in a reactive position to form a receptor first-second 
llgand complex; and means for activating said reactive functional group to form a covalent bond between 

said first and second ligands. 

28 An Instrument for performing assays on samples potentially containing a target molecule a 
containment vessel for receiving a sample potentially containing a target molecule and a first probe and a 
second probe, said first and second probes having at least one reactive functional group capable o 
forming a covalent bond between said first probe and said second probe upon activation when said firs 
and second probes are placed In a reactive position, said first probe and said second probe capable of 
simultaneously binding to the target In a reactive position to form a target first-second probe complex; 
means for activating said reactive functional group to form a covalent bond between said first and second 
probe, said first and second probe forming a probe reaction product; and detection means for detecting 
the probe reaction product which is indicative of the presence of said target. 

29 The Instrument of Claim 28 wherein said target is a polynucleotide. 

30. A composition having utility In forming dimers upon photoactivation, characterized by the following 
features: 
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wherein R 3 and R$ are selected from -OH or -OCHg and Ri, R2, R4 and Re are hydrogen, a reactive group 
15 capable of reacting with aliphatic amines, a llgand, or antlligand. 

31. The composition of Claim 31 wherein said reactive group is N-hydroxysuccinimide ester. 

32. The composition of Claim 31 wherein said llgand or antlligand is a polynucleotide. 

33. The composition of Claim 33 wherein said polynucleotide Includes a linkage of 1 to 10 atoms. 

34. A9 a composition, a polynucleotide having at least one photoreactive functional group at or about the 
20 3' or 5' termini, said functional group selected from the group of functional groups consisting essentially 

of coumarlns, psoralens, anthracenes, pyrenes, carotenes, tropones, chromones, quinones, malelc 
anhydride, alkyl maleimlde, olefins, ketones, azides, polyolefins characterized by conjugated double 
bonds and ketone functionality and derivatives thereof. 

35. As a composition, a polynucleotide characterized by a first strand and a second strand, each strand 
25 having a 3 f terminal end and a 5' terminal end, wherein the 3' terminal end of one strand Is bonded to the 5' 

terminal end of the other strand through a dimer formed from reactive functional groups. 

36. The composition of Claim 36 wherein said reactive functional groups are photoreactive. 

37. A kit for performing photoligation of contiguous ligands comprising a reagent for contacting a sample 
potentially containing a receptor moiecule of Interest, said reagent Includes a first probe and a second 

30 probe wherein the first probe and the second probe have at least one photoreactive functional group, 

capable of covalently binding the first probe and the second probe to form a probe reaction product In the 
presence of radiant energy when the first probe and the second probe are placed In a reactive position, 
said first probe and the second probe are capable of binding to the target molecule to assume a reactive 
position, and said probe reaction product has detectable features which are distinguishable from either 

35 the first probe or the second probe individually. 
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